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Two  Aerobee  150  rockets.  No's.  AO  3.006-1  and  AO  3.910-1,  were 
Instrumented  for  Investigating  thermospheric  temperatures  and  particle 
densities.  Electron-beam-induced  luminescence  was  used  as  a  diagnos¬ 
tic  technique  to  Investigate  the  rotational  and  vibrational  distributions 
of  thermospheric  H2(x^z*)  and  to  determine  absolute  number  densities  of 
N2  and  02.  The  first  flight  was  made  under  disturbed  (auroral)  atmos¬ 
pheric  conditions,  whereas  the  second  was  made  under  quiescent  conditions. 
Support  Instrumentation  was  Included  In  the  first  payload  to  aid  in  de¬ 
fining  auroral  conditions.  In  addition  a  possible  correlation  of  elevated 
E-reglon  electron  temperatures  with  H2[xHj )  vibrational  temperature 
prompted  the  Inclusion  of  a  Langmuir  probe  In  each  of  the  payloads.  The 
present  report  provides  background  Information  on  the  technical  problem 
and  on  the  Investigative  technique  which  was  adopted,  documents  the 
development  of  Instrumentation  for  the  two  payloads,  and  briefly  summarizes 

available  results  from  the  two  flights. 
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INTRODUCTION 

The  developmental  work  described  in  this  report  was  initiated  lor 
Air  Force  Cambridge  Research  Laboratories  under  Contract  No.  F19628-69- 
C-0242  to  Utah  State  University  (USU).  The  original  objective  of  the 
work  was  to  design  and  fabricate  two  rocket-based  Instruments  for  Inves¬ 
tigation  of  the  number  density,  rotational  temperature  (rr),  and  vibra¬ 
tional  temperature  (ry)  of  atmospheric  H2(xli+).  The  dlagonistlc 
technique  to  be  employed  was  electron-beam-induced  luminescence  [Muntz, 
1962  and  1968].  A  possible  correlation  of  elevated  E-region  electron 
temperatures  (xe)  with  a  plausible  heat  source  Involving  vlbratlonally 
excited  ground-state  nitrogen  (n/) [Walker,  1968]  led  to  the  Inclusion 
of  electron  temperature  ( Te )  and  number  density  ( Ne )  measurements  as  ad¬ 
ditional  objectives.  Also,  since  the  first  instrument  was  to  be  launched 
Into  an  auroral  event.  It  was  decided  that  additional  Instrumentation  for 
defining  auroral  conditions  should  be  Included  in  the  payload. 

The  USU  Space  Science  Laboratory,  formerly  Upper  Air  Research  Labor¬ 
atory  of  the  University  of  Utah,  Integrated  each  of  the  payloads  for 
launch  on  board  Aerobee  150  rockets.  The  Space  Science  Laboratory  (SSL) 
also  provided  a  Langmuir  probe  for  Ne  and  r,  measurements,  as  well  as 
other  Instrumentation  for  defining  auroral  conditions.  The  USU  Electro- 
Dynamics  Laboratories  (EDL)  assumed  primary  responsibility  for  developing 
the  electron-beam-induced  luminescence  system.  However,  able  assistance 
was  obtained  from  SSL  personnel  during  certain  phases  of  the  work. 

The  first  "vibrational  temperature  apparatus"  (VTA)  was  launched 
aboard  Aerobee  No.  AO  3.006-1  from  Fort  Churchill,  Manitoba,  Canada  on 
March  13,  1970.  The  second  VTA  was  flown  on  board  Aerobee  No.  AO  3.910-1 
from  White  Sands  Missile  Range,  White  Sands,  New  Mexico  on  October  15, 
1971. 

The  primary  purpose  of  this  report  is  to  document  the  development  of 
Instrumentation  for  the  two  payloads.  Emphasis  is  placed  on  describing 
the  development  of  the  VTA  since  the  major  thrust  of  the  work  was  In  this 
direction.  Also,  much  of  the  detail  relating  to  the  ancillary  apparatus 
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has  previously  been  reported,  and  pertinent  references  are  cited  at  ap¬ 
propriate  points  In  this  report.  Background  Information  pertaining  to  the 
general  problem  of  N^  <n  the  thermosphere  Is  presented  together  with  a 
description  of  the  experimental  technique  which  was  adopted  for  Investi¬ 
gating  the  molecular  nitrogen  properties  of  Interest.  Following  a  consid¬ 
eration  of  the  design  of  the  VTA  and  documentation  of  payload  Instrumenta¬ 
tion,  attention  is  turned  to  the  preflight  calibration  of  the  VTA.  Finally, 
the  performance  of  the  flight  Instrumentation  Is  discussed,  and  available 
results  from  the  two  flights  are  briefly  considered. 

A  preliminary  report  of  the  results  obtained  from  the  Churchill 
flight  has  appeared  elsewhere  (O'Neil,  Hart,  and  Pendleton;  1971).  A  more 
refined  treatment  of  the  data  was  subsequently  carried  out,  and  some  of 
the  results  were  coirmcnlcated  at  the  1971  COSPAR  meeting  (O'Neil,  Pendle¬ 
ton,  Hart,  and  Stair;  1971).  A  complete  description  of  the  results  Is 
currently  being  prepared  for  submission  to  one  of  the  aeronomy-related 
journals.  In  addition,  a  short  communication  relating  to  the  theory  of 
the  N2  vibrational  temperature  measurements  has  recently  been  submitted 
(Pendleton  and  O'Neil,  1972). 

BACKGROUND  INFORMATION 

The  Role  of  Metastable  Species  In  Atmospheric  Processes 

In  recent  years  the  potentially  important  role  of  metastable  atoms. 
Ions,  and  molecules  In  the  physics  and  chemistry  of  the  upper  atmosphere 
has  received  Increasingly  wide-spread  attention.  It  has  often  proven 
difficult  experimentally  to  recognize  and  completely  separate  the  effects 
of  excited  state  reactions,  and,  as  a  result,  the  zeroth-order  approxima¬ 
tion  has  been  to  assume  that  the  contribution  of  excited-state  reactions 
could  be  Ignored.  However,  It  Is  now  generally  recognized  that  relatively 
small  concentrations  of  excited  particles  can  sometimes  produce  large 
effects  on  total  reaction  rates  and  upon  equilibrium  conditions.  Hence, 
a  quantitative  understanding  of  the  quiescent  and  disturbed  atmospheres 
requires  a  knowledge  of  exc.tatlon  and  de-excitation  rates  for  binary  en¬ 
counters  of  atmospheric  metastables  with  other  atmospheric  species. 
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The  deposition  of  solar  energy  In  the  upper  atmosphere  results  In  a 

multitude  of  phen,* . eluding  the  and  coU,- 

The  metastables  relax  through  a  combination  of  «d  atlv  by 

slonal  de-excitation,  the  Importance  of  each  process  g 

the  relative  probabilities  for  occurrence  under  given  M  e  ondl- 

t1  The  colllslonal  de-excitation  rate  depends  on  the  collls 

quency  and  on  the  probability  per  collision  that  de-excitation  will  occur. 

Hence,  for  a  particular  species,  colllslonal  de-excitation  ^y  cm  n, 

at  low  altitudes  where  the  collision  frequency  Is  relatively 

whereas  radiative  decay  may  dominate  at  high  altitudes. 

The  concept  of  energy  storage  In  metastable  states  may  assume  o" 
slderable  Importance  In  certain  atmospheric  phenomena  since  the  Intern 
e  r  he  metastab, es  could,  In  principle,  provide  an  energy  sourc 
raving"  certain  aspheric  processes  for  a  period  o  t™  even  f 
the  source  of  the  metastables  were  suddenly  turned  off.  The  elaxatlon 
rate  of  the  metastables  would,  of  course,  depend  on  the  effec  ve 

t1me  AkliTto^the  electronic  metastablllty  alluded  to  In  the  discussion 

above  is  the  “vibrational  metastablllty"  of  homonuclear  diatomic  mo  ecule 

fuch  as  -h2  and  -0,  Such  molecules  do  not  possess  a  pe^nen  electric 

dipole  moment  In  their  electronic  ground  states.  Hence,  ey 

red  inactive,  and  when  vocationally  excited,  the  excess  Internal  gy 

is  normally  dissipated  through  inelastic  collisional  processes, 
is  normally  v  .  *  *  following  atmospheric 

The  potentially  important  role  of  N/  in  the  following 

processes : 

(1) 
(2) 


N2^(y>0)  +  e  — < ►  N2(vr<y)  +  e  +  K,E*  » 


0+  +  N/  —  N0+  +  N  , 


and 


N  *(y«=l)  +  CO  (00°0)  — ►  N2(y-0)  +  C0/(00°1) 


(3a) 


followed  by 
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C02^(00°1 )  — *  C02(00°0)  +  hv  (3b) 

has  stimulated  a  great  deal  of  speculation  In  recent  years.  Consideration 
will  be  given  to  these  processes  In  the  next  subsection  which  deals  with 
NjJ*  in  the  thermosphere.  It  should  be  noted  that  a  knowledge  of  the  con¬ 
centration  of  Is  necessary  In  order  to  evaluate  the  potential  Importance 
of  the  processes. 

In  the  Thermosphere 

The  thermal  structure  of  the  neutral  atmosphere  appears  to  be  well 
established.  However,  a  consideration  of  available  atmospheric  data  re¬ 
lating  to  concentrations  of  atomic,  molecular,  Ionic,  and  electronically 
excited  species  leads  one  to  the  conclusion  that  local  thermodynamic  equi¬ 
librium  (LTE)  does  not  exist  In  the  upper  atmosphere  at  altitudes  >  100  km 
[Bauer,  Kummler,  and  Bortner;  1971]. 

Under  conditions  of  LTE,  all  energy  states  of  particles  within  a 
given  volume  element  are  populated  according  to  the  equilibrium  statis¬ 
tical-mechanical  distributions  with  a  common  temperature  characterizing 
the  distributions.  However,  In  the  non- LTE  region,  the  population  distri¬ 
butions  for  translational,  rotational,  vibrational,  and  electronic  degrees 
of  freedom  are  frequently  characterized  by  individual  temperatures  [Bond, 
Watson,  and  Welch;  1965].  As  a  result,  under  non-LTE  conditions,  a  know¬ 
ledge  of  the  gas-kinetic  temperature  Is  of  little  value  In  predicting  the 
concentration  of  vibrational ly  excited  molecules  such  as  N/. 

The  definition  of  Individual  temperatures  for  the  various  degrees  of 
freedom  Is  based  on  the  premise  that  the  distribution  of  energy  over  each 
degree  of  freedom  Is  Boltzmann-like.  The  rapidity  of  energy  transfer 
within  each  degree  of  freedom  and  between  degrees  of  freedom  will  usually 
determine  the  usefulness  of  the  concept.  If  the  coupling  between  degrees 
of  freedom  Is  weak,  whereas  rapid  energy  distribution  occurs  within  each 
degree  of  freedom,  the  multi  temperature  concept  should  be  useful.  It  is 
Important  to  note  that  the  concept  Is  one  of  convenience  and  should  not 
be  Interpreted  too  strictly,  as  the  distribution  functions  describing  each 
degree  of  freedom  will  be  perturbed  from  their  true  equilibrium  form  by 
transitions  between  degrees  of  freedom. 
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The  general  theoretical  problem  of  N2,t  in  the  thermosphere  has  re¬ 
cently  received  a  great  deal  of  attention  [Walker,  1968-  Walker,  Stolarskl, 
and  Nagy,  1969;  Bortner  and  Kummler,  1971;  Bauer,  Kummler,  and  Bortner, 

1971;  Schunk  and  Hays,  1971].  Much  of  the  interest  has  developed  in  con¬ 
nection  with  the  role  of  In  thermospheric  processes.  Walker  (1968) 
suggested  that  N2^  might  selectively  heat  the  ambient  ^-region  electrons 
through  process  (1)  (pg.  3).  The  suggestion  was  prompted  by  the  need  for 
an  additional  heat  source  to  explain  reported  Langmulr-probe  measurements 
of  T&  In  the  F-region.  The  Langmulr-probe  results  have  consistently 
yielded  T&  >  T by  factors  of  two-to-three  in  this  region.  Although 
questions  have  arisen  regarding  the  validity  of  the  probe  results  [See 
Willimore  (1970)  for  a  review  of  the  problem,  including  results  available 
up  to  January,  1970.],  there  appears  little  doubt  that  non-LTE  conditions 
do  occur  in  the  ionosphere.  Walker  found  that  an  N2  vibrational  temper¬ 
ature  of  =3100°K,  nearly  independent  of  altitude  in  the  altitude  range 
110-140  km,  was  required  to  explain  the  Te  results  of  Spencer  et  al.  (1965). 

Walker,  Stolarskl,  and  Nagy  (1969)  have  calculated  N2  vibrational 
temperatures  for  the  E-  and  F-reglons  by  Identifying  significant  sources 
and  sinks  of  N2  vibrational  energy  and  then  solving  the  continuity  equation 
for  vibrational  quanta.  The  general  problem  Is  illustrated  In  Fig.  1  which 
Identifies  potential  sources  and  sinks  of  N2  vibrational  energy.  The  solar 
Input  leads  to  the  formation  of  a  number  of  excited  atmospheric  species 
which  subsequently  contribute  to  the  formation  of  N^.  Each  of  the  sources 
Indicated  in  the  figure  will  be  considered  briefly. 

Electronically  excited  molecular  nitrogen  (N2V)  is  formed  primarily 
through  electron-impact  excitation  involving  photoelectrons  and/or  precip¬ 
itating  energetic  particles.  Both  the  Vegard-Kaplan  (Ptf)[A3£u+  -  AT1  E  +  ] 
[Broadfoot  and  Hunten,  1964;  Shemansk’  and  Vallance  Jones,  1968;  Sharp, 

1971]  and  the  Lyman-BIrge-Hopfleld  (L3H)  [al*g-Xlz+]  [Fastle  et  al. ,  1961; 
Isler  and  Fastle,  1965;  Peek,  1970;  Opai  et  al.%  1970]  band  systems  have 
been  observed  In  emissions  from  the  upper  atmosphere.  A  knowledge  of  the 
volume  emission  rates  of  quanta  In  these  two  systems  under  given  atmos¬ 
pheric  conditions  would  help  to  clarify  the  potential  importance  of  the 
cascade  source.  The  yield  of  vibrational  quanta  in  the  N2  ground  state 
will,  of  course,  depend  on  the  population  distribution  resulting  from  the 
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cascading.  It  does  not  appear  that  this  source  has  been  included  In  pre> 
vlous  treatments  of  the  W*  problem.  However,  a  cursory  examination  of 
available  data  suggests  that  the  contribution  from  the  cascade  source  may 
be  significant  under  certain  atmospheric  conditions. 

A  second  potentially  Important  source  of  N^  is  the  reaction 

0 (lD)  +  N2U,  w=0)  — *•  0 (3P)  +  N2^(y>0)  +  LE  ,  (4) 

which  involves  an  Interconversion  of  a  portion  of  the  electronic  energy 
of  the  0(  1Z?)  atom  to  N2  vibrational  energy.  The  quenching  of  0(1£»)  by 
N2  Is  known  to  be  rapid  [Young,  Black,  and  Slanger,  1968;  Noxon,  1970]; 
however,  the  average  amount  of  available  energy  [1.96  eV/Of1#)]  which 
appears  In  N2  vibration  Is  not  presently  known.  Walker  et  at.  [1969 ) 
have  considered  the  two  extreme  cases  In  their  computations.  They  found 
that  the  Inclusion  of  the  maximum  possible  vibrational  yield  from  process 
(4)  [7  vibrational  quanta  per  reaction]  resulted  In  values  of  Tv  which 
exceeded  the  lower  limit  values  [no  contribution  from  process  (4)]  by 
approximately  a  factor  of  two  at  high  altitudes.  Recent  theoretical  and 
experimental  studies  of  process  (4)  [Black,  Lorents,  and  Eckstrom,  1970; 
Peterson,  1972]  suggest  that  the  lower-limit  assumption  Is  more  nearly 
correct. 

The  third  source  of  thermospheric  N2^  depicted  in  Fig.  1  Is  the  re¬ 
action 

N(4S°)  +  N0(*2it)  —  N/  +  0(3P)  ,  (5) 

where  an  average  of  four  vibrational  quanta  are  produced  per  reaction 
[Morgan,  Phillips,  and  Schlff,  1962;  Phillips  and  Schlff,  ll'62] .  The 
treatment  of  this  source  Is  complicated  by  Its  dependence  or  N2  vibra¬ 
tional  temperature  [Walker  et  al.t  1969],  The  dependence  on  arises 
from  process  (2)  [Schmel tekopf ,  Ferguson,  and  Feshenfeld;  1968]  since 
[N]  Is  determined  In  part  from  this  process.  It  is  Interesting  to  note 
that  large  NO  densities  In  the  p-reglon  have  been  reported  under  disturbed 
atmospheric  conditions  [Zipf,  Borst,  and  Donahue,  1970] .  Hence,  it  Is 
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possible  that  the  N2^  source  represented  by  process  (5)  may  assume  special 
significance  under  disturbed  conditions  provided  the  atomic  nitrogen 
density  Is  not  significantly  decreased. 

The  last  source  Illustrated  In  Fig.  1  Is  the  contribution  from  "hot 
electrons"  which  In  the  present  context  means  electrons  with  kinetic 
energies  i  0.3  eV.  These  electrons  contribute  to  N2  vibration  through 
the  process 

e  +  N2U,y«0)  —  N2-(X2*  )  —  N^^O)  +  e  ,  (6) 

U 

which  occurs  with  a  high  probability  for  low  energies  [Schulz,  1964]. 

The  "hot  electrons"  will  normally  be  photoelectrons  or  precipitating  (auroral) 
electrons  since  the  contribution  of  ambient  thermal  electrons  Is  expected  to  be 
negligible  In  comparison  [Dalqarno,  McElroy,  Rees,  and  Walker,  1968].  Several  addi¬ 
tional  sources  of  N2^  have  been  considered  by  Walker  et  aZ.(1969)  and  were 
found  to  be  much  smaller  than  those  mentioned  above. 

The  N2  vibrational  energy  resulting  from  the  aforementioned  processes 
Is  efficiently  redistributed  through  vibrational  exchange  (V-V)  collisions, 
and  for  altitudes  less  than  about  250  km,  the  characteristic  exchange  time 
for  vibrational  quanta  Is  somewhat  less  than  the  characteristic  loss  time 
[Walker,  1968].  At  altitudes  above  260  km,  the  diffusion  time  becomes  less 
than  the  exchange  time  [Walker  et  al.t  1969],  Hence,  a  departure  of  the 
N2  vibrational  distribution  from  the  Boltzmann  form  may  occur  at  high  al¬ 
titudes,  particularly  for  the  higher  vibrational  levels. 

The  loss  of  N2f  occurs  through  channels  such  as  those  depicted  In 
Fig.  1.  Superelastic  collisions  between  N2^  and  thermal  electrons  [pro¬ 
cess  (1),  pg.  3]  occur  with  a  high  probability  [Walker,  1968].  Hence, 
as  proposed  by  Walker  (1968),  the  N2^  Is  potentially  Important  as  a  heat 
source  for  the  ambient  electrons.  The  electrons  then  cool  to  the  neutrals 
and/or  Ions  depending  on  the  altitude  region.  Walker  et  al.  (1969)  have 
shown  that  quenching  of  N2^  by  vibrational  exchange  collisions  with  C02 
[process  (3a),  pg.  3]  should  be  the  dominant  loss  process  at  altitudes 
below  about  125  Ian.  The  vibratlonally  excited  C02  subsequently  looses 
the  excess  energy  by  the  emission  of  Infrared  radiation.  Walker  et  al. 
have  also  considered  other  potential  loss  mechanisms  and  deemed  them 
negligible  In  comparison  to  the  electron  and  C02  quenching.  Diffusion 
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should  become  Important  above  125  * /“‘to'^mitildw’where  loss  of 
process  results  in  the  transport  of  N/  to  lower 
vibrational  energy  occurs  at  a  much  greater  rate 

The  results  of  Walker  at  at.  are  " Jig.^ 

N2  vibrational  temperature  as  a  function  o  a  •  1n 

/mom  1s  based  on  the  use  of  the  maximum  possible  0(  0) 
y  4  uih-j'iQ  the  t  m^n  curve  results  from  assuming  no  contri 

the  computations,  while  v  kinetic"  Is  a  kinetic  temper- 

:r  ^  - — 

-  re  r;:  sy =~ 

r-—r.n-"ck' and 

Rees  (1966)  relating  to  a  particular  IBC  I 

Rotational  and  Vibrational  Temperatures 

The  concepts  of  rotational  and  vibrational  temperatures  are  derived 
from  anl,  ses  Pof  the  rotational  and  vibrational 

Ng.  exp  (-Ei/kT)  (7) 


where  B  is  the  total  number  of  molecules  In  the  volume  element  under  con 
where  (Ms  tota  level  of  energy  0t.  and 

sideration.  H  is  the  statutical  weig  function 

z  Is  the  partition  function,  or  sum  over  staves,  P 
is  given  by  2  -  \  <H  exp (-Sf/W).  where  the  summation  Is  over  a 

allowed  —^Hund's  case  (b)  to  describe  the  coupling  of  angular 

!  distribution  of  the  rotational  energy 

Z « S  •»»“'  ■«..  .a.  w 


ALTITUDE  (KM) 


Figure  2.  Results  of  theoretical  Ty  calculations  (Walker 
et  al.t  l°f9)  for  thermospheric  N2. 
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N 


N  gQk  exp  [-{E0  +  Ek)/kT)  * 


oK 


Vr 


(8) 


where 


f3(2*+l),  K  odd 

9°k  [6(2 K+l),  K  even 


hc[(ue/ 2)  -  (we^e/4)  +  •••]  > 


Ek  *  ho  *U+1)[B„  -  WJ 2)  +  •••]  » 


'e  •  e' 

-hauiQ 


■hcuic 


s  -Vfer  -  -Sr-/,  — )erS-i 

Z  *  I  e  v  -  e  K1  [1-e  )  , 


v-0 

zr  :  5ST  (for  kT>>hoBe^  • 
e 

and  x  «*  0,  1,  2,  ••••  The  pertinent  vibrational  and  rotational  constants 
for  N  {xh*)  are  tabulated  In  Herzberg's  volume  on  diatomic  molecules 
(Herzberg? 1950).  The  relative  populations  expected  for  levels  K  *  0-20 
are  shown  in  Fig.  3  for  rotational  temperatures  of  300°K  and  800°K.  For 
each  temperature,  the  population  of  the  level  corresponding  to  the  maxi¬ 
mum  In  the  distribution  has  been  normalized  to  ui.'ty.  In  a  similar 
manner  the  population  distribution  over  the  vibrational  levels  of 
n2{xli  +)  Is  given  by 


N  exp  [-E JkT) 


(9) 


where 


Ev  -  he[ue{v+H)  -  u^iv+H)2  +  » 

00 

z  »  l  exp  (- Ev/kT)t  and 
u=0 

v  =  o,  1,  2,  •  ••.  The  relative  population  distributions  expected  at 
temperatures  of  750,  1000,  2000  and  5000°K  are  shown  in  Fig.  4.  It 
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follows  from  expression  (9)  that  the  fractional  change  In  the  ratio  Rl0  = 

(V*0)  re^a^ecl  to  the  fractional  change  In  temperature  through  the 
expression 


■**1.  .  (3380°K)  & 

*10  T  T  U0) 

dR. 

The  quantities  RlQt  -gp-,  and  the  logarithmic  derivative  of  /?10  are  displayed 
as  functions  of  temperature  In  Fig.  5.  It  Is  seen  that  the  optimum  sensi¬ 
tivity  to  temperature  change  occurs  at  T  *  1690°K  where  assumes  Its 
maximum  value  of  about  1.58  x  10-4/°K.  We  shall  see  shortly  that  the  vibra¬ 
tional  development  of  an  electronic  band  system  of  f«2  (or  N  +  )  may  In  prin¬ 
ciple  (and  In  practice)  be  more  sensitive  to  changes  In  the  N2  ground-state 
vibrational  temperature  than  would  be  expected  on  the  basis  of  the  above 
discussion. 

The  concept  of  "spectroscopic  vibrational  and  rotational  temperatures" 

Is  of  primary  Interest  to  the  present  study.  Such  temperatures  are  derived 
from  spectroscopic  studies  of  the  Intensity  distribution  of  vibrational 
bands  within  an  electronic  band  system  and  from  the  Intensity  distribution  of 
the  rotational  lines  within  a  selected  vibrational  band.  The  details  of 
the  concept  will  be  presented  In  the  next  subsection  which  deals  with  the 
electron- beam- Induced  luminescence  technique  of  measuring  vibrational  end 
rotational  temperatures.  The  usefulness  of  such  "temperatures"  depends  on 
an  understanding  of  the  excitation  and  de-excitation  processes  affecting  the 
excited  levels.  We  shall  see  that  under  certain  conditions  of  excitation  and 
de-excitation  the  excited-state  distributions  may  reflect  those  in  the  grouna 
state  of  the  neutral  molecule. 


Electron-Beam- Induced  Luminescence  Technique 

An  excellent  Introduction  to  the  electron-beam-induced  luminescence 
technique  of  studying  basic  physical  properties  of  rarefied  gas  flows  may 
be  found  In  the  review  of  the  technique  by  Muntz  (1968).  Basic  studies  by 
Muntz  (1962),  Hunter  (1967),  and  Hoppe  (1968)  relating  to  the  validity  of 
the  technique  are  of  specie1  Interest  to  this  study.  The  present  coverage 
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of  the  technique  will  be  limited  to  Its  essential  features  as  they  apply 
to  the  study  herein  described. 

Consider  the  passage  of  well-defined  beam  of  nearly  monenergetic 
electrons  Into  a  low-pressure  target  of  N2.  Assume  that  the  N2  in  in 
thermal  equilibrium  at  temperature  T.  The  beam  will  be  attenuated  as  it 
passes  through  the  gas;  however,  for  sufficiently  high  energy  or  low 
pressure,  the  mean  free  path  of  the  beam  electrons  will  become  great 
enough  to  permit  measurement  of  the  intensity  under  essentially  single¬ 
collision  conditions.  The  desired  condition  is  most  easily  realized  by 
examining  the  emissions  from  a  small  section  of  beam  close  to  the  point 
where  the  beam  impinges  on  the  target. 

It  is  reasonable  to  assume  that  for  an  energetic  electron  beam 
(energy  -  1  keV)  impinging  on  a  gaseous  target  the  only  significant 
energy-loss  mechanisms  are  excitation  and  ionization  of  the  target  mole¬ 
cules.  (For  beam  energies  of  somewhat  less  than  mQc2  2  0.51  MeV, 
bremsstrahlung  production  may  be  ignored.)  Tne  production  and  loss  of 
excited  target  particles  along  the  beam  path  may  be  described  by  a  rate 
equation 


where  N.  is  the  concentration  of  species  j,  P7-  is  the  volume  production 

c  * 

rate  of  the  species,  and  is  the  volume  loss  rate. 

Numerous  optical  excitation  studies  of  the  5-state  of  N2+  have  shown 
that  the  emission  intensities  of  vibrational  bands  belonging  to  the  v" 
progressions  with  y'  »  0  and  1  of  the  N2+  first  negative  (IN)  system 
[B2e  +  -  x2z  +]  are  directly  porportional  to  both  beam  current  and  pres¬ 
sure  over  a  relatively  wide  range  of  both  variables.  The  emission  inten 
sity  per  unit  volume  of  the  [v'tv")  band  is  given  by 


Iv'v" 


Ev'i 


1 1 


v'v 


r  r 


V 


(12) 


where  syfyf,  ■  toxy7j»»  is  the  average  energy  per  photon,  Ay,yff  is  the 
Einstein  A  coefficient  for  the  (y'.y")  transition,  and  ffy,  is  the  con¬ 
centration  of  ions  in  the  y'  vibrational  level  of  the  N2+  fl-state. 
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The  proportionality  of  Iy,y,,  to  the  product  Nl ,  where  N  Is  the  target 
concentration  and  J  the  beam  current,  thus  Implies  that  tfy,  Is  proportional 
to  the  product.  It  Is  easily  shown  from  Eq.  (11)  that  under  steady-utate 
conditions  tfy,  Is  given  by  the  expression 


where  oy,  is  the  total  direct  excitation  cross  section  for  level  y',  Av,  « 
IVy"  transition  probability  from  y'  to  lower  optically 

accessible  levels,  and  (J/e)  Is  the  flux  density  of  electrons.  Expression 
(13)  Is  valid  provided  simultaneous  ionization-excitation  of  N0U1e  +  ,  y) 
to  N2  (b  Ej+  ,  yf)  Is  the  only  population  mechanism,  and  spontaneous  decay 
Is  the  only  depopulation  mechanism.  Thus,  the  expression  fori  ,  ,,  may 
be  written 


y 'y 


i » 


y  y 


» i 


(V'v'\  n  (JNk 
'  A.  '  V  U  ‘ 


(14) 


It  Is  seen  from  Fig.  4  that  for  vibrational  temperatures  of  less  than 
about  500°K  a  negligible  fraction  (*  10"3)  of  the  target  molecules  Is  In 
excited  vibrational  levels.  The  "critical  temperature"  above  which  excita¬ 
tion  from  vibrational  levels  of  H2(xlz  +  )  with  y  >  1  must  be  considered 
depends  on  the  .N2f(fl2iuf)  vibrational  level  under  consideration  and  the 
criterion  used.  For  example.  If  one  accepts  a  one  percent  contribution 
as  satisfactorily  defining  the  critical  temperature,  then  the  critical 
temperatures  for  the  V  •  0,  1,  and  2  estate  vibrational  levels  are  ex¬ 
pected  to  be  about  1360,  530  and  370°K,  respectively. 

When  the  direct  contribution  to  the  excitation  of  the  vf  level  of  the 
B-state  from  N2  ground-state  levels  with  v  t  0  can  not  be  Ignored,  one 
must  write  Eq.  (14)  In  the  form 


Vy"  s 


Vy" 


y  'v 


t  f 
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>  (?)  i  % 


(IS) 


Equation  (14)  forms  the  basis  for  both  number  density  and  ground-state 
vibrational  temperature  measurements  by  means  of  electron-beam- induced 
luminescence.  At  a  given  temperature  and  beam  current  density,  lvtv»t 
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Is  proportional  to  the  total  ground-state  concentration  since  tfy  «  N. 
Hence,  ar  Instrument  which  provides  a  measure  of  ly,y,*»  or  a  proportional 
quantity,  can  readily  be  calibrated  to  yield  N. 

The  usefulness  of  Eq.  (15)  In  determining  vibrational 

temperatures,  or  ground-state  vibrational  temperatures  of  other  molecules, 
depends  on  the  applicability  of  certain  assumptions.  In  addition  to  the 
assumptions  which  were  made  In  deriving  Eq.  (15),  one  must  also  assume 
that  the  ground-state  vibrational  population  can  be  represented  by  Eq. 

(9).  With  this  assumption,  equation  (15)  takes  the  form 


Vo” 


*y*  * 


,Vo”x  tJN\  T  - 
1 0 


OO1 


exp  ( 


■Ev/kT) 


(16) 


The  vibrational  development  of  the  N  +  IN  system  for  various  N2  ground- 
state  vibrational  temperatures  should  be  described  by  Eq.  (16)  provided 
the  pertinent  assumptions  are  satisfied. 

From  the  point  of  view  of  the  experimentalist.  It  Is  convenient  to 
examine  the  ratio  of  ly,y,,'s  for  two  bands  for  which  V  differs.  For 
example,  consider  the  ratio  of  Jy(y,f's  for  the  (0,1)  and  (1,2)  bands 
of  the  N2+  IiV  Ay  ■  -1  sequence.  Denote  the  ratio  by  i?*(T)  to  write 

.  eAijAaAijA -is—  FUr)  ,  (17) 

0  Sfo.i)  '(CM) 

where 

n<r)-Kl.-*/w/K  <18> 

V  v 

Experimental  values  of  ooyf  are  available  for  v'  ■  0,  1,  2,  and  3  [Stanton 
and  St.  John,  1969];  however.  It  does  not  appear  that  experimental  Infor¬ 
mation  Is  available  regarding  the  other  ow,.  Consequently,  In  order  to 
complete  the  model.  It  Is  necessary  to  theoretically  estimate  the  values 
of  the  unknown  excitation  cross  sections. 

Nlcholls  (1962)  has  shown  that  the  application  of  the  familiar  Born 
and  Born-Oppenhelmer  approximations  to  the  quantum-mechanical  treatment 
of  the  excitation  problem  yields  the  approximate  formula 
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°w*  “  °o(?w>')  V'  ’  (19) 

where  oq[x>w,)  Is  the  excitation  cross  section  calculated  for  a  vertical 
(Franck-Condon)  excitation  at  an  Internuclear  distance  r  ,  and  q  ,  Is  the 
Franck-Condon  factor  for  the  excitation  transition.  Nioholle  suggests  that 
ao^w'^  * B  P^^ably  relatively  slowly  varying  with  r  f.  However,  this 
point,  although  sound  theoretically,  has  not  received™  great  deal  of  ex¬ 
perimental  verification. 

In  previous  attempts  to  determine  ground-state  vibrational  tempera¬ 
tures  through  the  use  of  electron-beam-induced  luminescence,  a  (?  ,)  has 
beeo  treated  as  a  constant.  Independent  of  the  r-centrold  of  the  excitation 
transition.  Hence,  the  o' s  In  Eq.  (18)  are  replaced  by  the  appropriate 
? ranck-Condon  factors.  Two  of  the  resulting  functions,  f1(t)  and  F2(r), 
are  shown  In  Fig.  6  for  vibrational  temperatures  extending  to  2500°K.  RKR 
Franck-Condon  factors  (Cartwright,  1971)  were  used. 

The  theoretical  model  developed  above  has  been  tested  by  Hunter  (1987) 
and  Hoppe  (1968).  They  examined  the  vibrational  development  of  the  N2+l n 
system  excited  by  28-keV  electron  Impact  on  a  "static",  temperature-control¬ 
led  H2(xlZ* )  target.  Intensity  ratios  of  v'  -  0  and  1  bands  In  the  tv  « 

-2  and  -1  sequences  were  studied  over  a  range  of  gas  temperatures  between 
300  and  about  1000°K.  The  residence  time  of  the  N2  molecules  In  the  heated 
collision  chamber  Is  estimated  to  be  <10-  sec,  a  value  which  should  be  long 
enough  to  ensure  V-T  equilibration. 

The  results  of  their  study  of  I(o,i)/I(i,2)  are  shown  7.  It 

Is  seen  that  the  experimental  points  lie  close  to  but  systematically  above 
the  theoretical  curve  based  on  Eq.  (18).  The  major  source  of  uncertainty 
in  ^o.i/^i.a)  at  ^Peratures  above  400°K  was  attributed  to  the  necessity 
of  unfolding  the  blend  of  the  rotational  structure  of  the  (0,1)  band  (/?-branch) 
with  that  of  the  (1,2)  band.  It  was  estimated  that  the  overall  uncertainty 
In  the  vibrational  temperature  determination  was  approximately  ±15X. 

The  basis  for  H2(xlz  +  )  rotational  temperature  measurements  using  the 
electron-beam- Induced  luminescence  technique  Is  Illustrated  In  Fig.  8  which 
presents  spectral  scans  of  the  /?-branch  rotational  structure  of  the  N2+ltf 
(0,0)  band  at  gas  temperatures  of  300°K  (part  a)  and  800°K  (part  b).  The  data 
were  obtained  by  Hunter  (1967)  using  the  special  test  facility  mentioned 
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Figure  7.  Comparison  of  experimental  N2+  IN  band  intensity  ratios 
at  various  gas  temperatures  with  predictions  of  the  theoretical 
model  (Adapted  from  Hoppe,  1968). 
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Figure  8.  Spectral  scans  of  N2+ 
at  gas  temperature  of  300°K  (ui 
[after  Hunter,  1967], 
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above.  It  Is  seen  that  the  Intensity  distribution  among  the  /?-branch 
rotational  lines  changes  markedly  between  300  and  800°K.  The  Intensity 
maximum  shifts  from  the  K"  *  6  line  to  the  K "  »  12  line,  and  a  pronounced 
spreading  of  the  distribution  occurs.  Hence,  a  quantitative  measure  of 
the  change  In  the  distribution  can  In  principle  be  used  as  a  measure  of 
the  rotational  temperature  of 

Muntz  (1962)  has  predicted  theoretically  the  dependence  of  the 
No*- l.w  rotational  structure  on  the  N2(^1z^‘)  rotational  temperature  to  be 
expected  under  single-collision  conditions.  He  assumed  th?t  simultaneous 
Ionization-excitation  was  the  only  significant  N2+S-state  population 
mechanism  and  that  no  colllslonal  redistribution  of  rotational  energy 
occurred  In  the  excited  state.  The  optical  selection  rules  for  Hund's 
case  (b)  [Herzberg,  1950]  were  applied  to  the  excitation  transitions,  l.e. 
It  was- assumed  that  both  the  x'z*  and  B2z  +  states  belong  to  Hund's 
case  (b)  and  consequently  that  LK  ■  ±1  are  the  only  allowed  excitation 
transitions.  Muntz's  rather  lengthy  treatment  will  not  be  presented  here. 

Muntz  (196?)  tested  his  rotational -temperature  model  at  known  gas 
temperatures  of  298  and  373°K  and  found  satisfactory  agreement  between 
theory  and  experiment.  Hunter  (1967)  extended  the  range  of  Investigation 
to  about  1000°K.  Hunter's  results  are  shown  In  Fig.  9  where  the  difference 
between  the  spectroscopically  Inferred  temperature  Tp  and  the  measured  gas 
temperature  r,  expressed  as  percent  difference,  Is  plotted  versus  the  gas 
temperature.  The  small  but  systematic  difference  In  the  two  temperatures 
was  discussed  by  Hunter  (1967),  but  no  definitive  conclusion  was  reached. 

The  electron-beam- Induced  luminescence  (EBIL)  technique  has  previously 
been  applied  to  atmospheric  N2(a:1z^+)  rotational  temperature  measurements 
by  DeLeeuw  and  Davies  (1969).  A  two-channel  photometer  was  used  to  monitor 
the  change  In  the  N2+  ltf  (0,1)  rotational  structure  as  a  ^unction  of  alti¬ 
tude.  The  Information  was  then  Interpreted  In  terms  of  N2  ground-state 
rotational  temperature  by  use  of  the  model  discussed  above. 

Although  the  EBIL  technique  has  found  extensive  laboratory  applica¬ 
tion  In  the  study  of  low-density  gaseous  flows  (Muntz,  1968),  Its  poten¬ 
tial  usefulness  In  upper-atmospheric  research  has  yet  to  be  fully  realized. 


PERCENT  DIFFERENCE 


ELECTRON-BEAM- INDUCED  LUMINESCENCE  SYSTEM:  DESIGN  CONSIDERATIONS 


A  number  of  EBIL  systems  for  laboratory  studies  of  the  properties  of 
gaseous  flows  have  been  described  In  the  literature.  The  review  by  Muntz 
(1968)  Identifies  most.  If  not  all,  of  the  EBIL-related  studies  reported 
through  mld-1968.  Several  such  studies  have  subsequently  been  reported  In 
the  literature  of  rarefied-gas  dynamics;  however.  It  Is  beyond  the  scope 
of  this  report  to  cite  all  of  the  pertinent  studies.  The  basic  features 
common  to  the  various  EBIL  systems  are  an  electron-beam  generator  to  stim¬ 
ulate  the  gaseous  sample  to  emission,  an  optical  detection  system  to 
monitor  the  Intensities  of  spectrally-selected,  beam-excited  emissions,  and 
Incases  where  the  number  density  of  the  sample  Is  of  Interest,  a  monitor 
to  provide  a  measure  of  relative  and/or  absolute  beam  current.  A  number 
of  methods  exist  both  for  generating  the  electron  beam  and  for  spectrally 
selecting  the  emission  features  of  Interest. 

It  appears  that  the  first  successful  application  of  the  EBIL  technique 
to  the  study  of  selected  properties  of  the  upper  atmosphere  was  carried  out 
by  DeLeeuw  and  Davies  (1969),  whose  EBIL  system  has  been  reported  (DeLeeuw 
and  Davies,  1969).  They  used  a  dc-operated  electron  gun  (2.5  keV)  to 
stimulate  the  atmosphere  to  emission  and  a  two-channel  photometer  to  monitor 
the  relative  strengths  of  signals  associated  with  the  rotational  development 
of  the  N2+l N  (0,1)  band  which  then  yielded  Hz(XlZ* )  rotational  temperature. 
The  Investigation  was  carried  out  over  the  altitude  range  between  about  65 
and  150  km.  Background  luminescence,  attributed  to  energetic  electron 
bombardment  of  the  collecting  lens  In  their  optical  system,  limited  the 
useful  measurement  range  of  the  Instrument  to  pressures  above  about  10"5 
Torr. 

The  work  described  herein  was  undertaken  with  minimal  lead  time  (  =  8 
months)  to  develop  a  flight-worthy  EBIL  system.  Consequently  an  attempt 
was  made  to  use,  to  the  maximum  extent  feasible,  technological  Innovations 
which  Mere  already  flight  proven.  For  example, the  electron  gun  adopted 
for  use  In  the  system  was  a  unit  developed  by  Ion  Physics  Corporation 
especially  for  a  rocket-borne  electron  accelerator.  The  accelerator  was 
launched  In  January  1969,  prior  to  Initiation  of  the  present  work,  and  an 
array  of  ten  of  the  electron  guns  yielded  outputs  of  up  to  490  mA  at  8.7  keV. 
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Similarly,  a  variant  of  flight-proven  photometers  developed  at  USU  for 
auroral  Intensity  measurements  was  adopted  for  use  In  monitoring  the  beam- 
excited  emissions. 

In  this  section  of  the  report,  consideration  Is  given  to  several 
factors  which  are  basic  to  the  developement  of  a  rocket-borne  FBIL  system. 
As  Indicated  In  the  preceding  paragraph,  the  short  period  of  time  avail¬ 
able  for  developmental  work  resulted  In  the  necessity  of  flying  a  system 
which  did  not  offer  "state-of-the-art"  solutions  to  the  various  design 
criteria. 

Selection  of  the  Sample  Region 

In  applying  the  EBIL  technique  to  upper  atmospheric  measurements 
using  sounding  rockets,  care  must  be  exercised  to  ensure  that  the  results 
are  not  seriously  Influenced  by  the  vehicle.  Ideally  the  sample  region 
should  be  far  enough  from  the  vehicle  to  ensure  that  the  results  reflect 
the  properties  of  the  undisturbed  atmosphere.  The  molecules  In  a  given 
volume  element  near  the  vehicle  may  be  classified  according  to  their 
"origin."  At  least  four  classes  of  molecules  are  possible.  These  In¬ 
clude:  (1)  ambient  air  molecules  (undisturbed),  (2)  molecules  which  have 
Interacted  with  the  vehicle,  (3)  molecules  associated  with  vehicle  exhaust 
gases  (or  other  gases  escaping  from  the  Interior  of  the  vehicle),  and  (4) 
molecules  associated  with  outgasslng  from  the  surface  of  the  vehicle*. 

It  Is  of  course  desirable  to  minimize  sources  (2)— (4).  Source  (3) 
may  be  minimized  by  sealing  the  fuel  and  oxidizer  tanks  of  the  rocket 
motor  soon  after  burnout.  In  addition,  the  Influence  of  gases  escaping 
from  the  Interior  of  the  vehicle  can  be  minimized  by  using  standard  high- 
vacuum  techniques  In  the  construction  of  the  payload  and  by  providing  a 
high  conductance  between  the  Interior  of  vehicle  and  Its  surroundings. 

The  high  conductance  will  facilitate  rapid  clean  up  of  the  Interior  region. 

In  an  attempt  to  minimize  sources  (2)— (4),  DeLeeuw  and  Davies  (1969) 
used  a  pre-evacuated ,  clam-shell  nosecone  which  was  deployed  at  a  suitable 
altitude.  They  also  separated  the  rocket  motor  from  the  experimental 
package  after  the  clam  shells  had  been  jettisoned.  The  procedures  resulted 
In  dynamical  stability  problems  with  the  payload  section;  however,  the 
general  concept  Is  attractive  from  the  standpoint  of  the  Ideal  experiment. 
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The  Aerobes  150  sounding  rockets  typically  attain  supersonic  velocities 
at  very  low  altitudes.  Hence,  a  shock  wave  is  produced  by  surfaces 
having  a  projection  In  the  direction  of  motion.  The  cone  within 
which  the  disturbances  are  confined,  the  so-called  Mach  cone ,  is  character¬ 
ized  b;  the  semivertex  angle  (Mach  angle)  which  is  related  to  the  Mach  number 
(w)  by  sin  a  *  (1/M).  The  Mach  angle  decreases  until  burnout  occurs  (z  T  + 

52  sec),  whereupon  It  gradually  Increases  up  to  altitudes  :  80-90  km.  The 
shock  structure  becomes  diffuse  above  roughly  90  km  and  the  flow  passes  from 
the  transitional  regime  In  the  region  -  90-110  km  to  free-molecule  flow 
(FMF)  above  roughly  110  km. 

Since  it  was  originally  anticipated  that  much  of  the  useful  data  would 
oe  collected  at  altitudes  above  about  100  km,  some  attention  was  given  to 
the  theoretical  description  of  the  FMF  field.  Bird  (1960)  has  treated  the 
FMF  fields  of  moving  objects  of  varying  geometry.  However,  his  results 
are  strictly  valid  only  for  points  at  distances  from  the  object  which  are 
large  compared  with  the  typical  dimensions  of  the  object  but  somewhat  less 
than  the  molecular  mean  free  path.  Bird  further  shows  for  a  typical  case 
that  reasonable  accuracy  Is  obtained  when  the  distance  to  the  point  In 
space  Is  only  slightly  larger  than  a  typical  dimension  of  the  body. 

Bird's  result  for  the  number  density  Of  inflected  molecules  at  a  radial 
distance  r  from  a  cone  of  base  radius  rQ  and  St-mi -vertex  angle  c  Is 

V  2 

Nr  *  fir  ^T-)  /(T/T')  M*r,c)  •  (19) 

where 

N  =  the  ambient  number  density, 

x  s  exp  (-a2  sin2  e)  +  <?  sin  e[l  +  erf(e  sin  e)j, 

T '  =  the  temperature  of  the  reflected  molecules, 

T  =  the  temperature  of  the  ambient  gas, 

<J>r  =  the  angular  position  of  the  point  as  measured  from  the  axis 
of  the  cone, 

e  =  ratio  of  the  speed  of  the  object  to  the  most  probable  kinetic 
molecular  speed, 
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e  =  the  angle  between  the  tangent  line  to  the  surface  element 
and  the  direction  of  motion, 

FiUr»0  *  cos  $r(ir  -  cos_1(cot  $r  tan  ;))  + 

sin  cot  c  sin  [it  -  s1n_1(rot  tan  c)l,  and 


In  deriving  equation  (19),  It  was  assumed  that  diffuse  reflection  occur¬ 
red  and  that  the  'angle  of  attack"  was  zero,  In  addition  to  the  restric¬ 
tions  which  have  previously  been  mentioned. 

It  Is  seen  that  for  fixed  (and  &)  the  number  density  of  reflected 
molecules  decreases  as  (r0/r)2.  Assuming  c  -  6°,  ♦  «  84°  (along  normal 
to  surface  of  cone),  0  *  c,  a  *  3,  and  T'  *  r,  one  finds  that  ( N Jn)  Is 
less  than  10  percent  for  r  >  3.6  rQ.  The  function  F,Ur,c)  0  as  «  -  174°. 

It  Is  Instructive  to  consider  the  case  of  a  circular  disk  of  radius  r  . 

o 

The  formalism  of  Bird  (1960)  yields  tne  expression 

Z'  2 

Nr  -  ^  '(iTF'T  (-£)  (20) 

for  the  density  of  reflected  molecules  along  the  axis  of  the  disk.  In  de¬ 
riving  tie  expression.  It  must  be  assumed  that  all  of  the  surface  elements 
of  the  f*1sk  are  at  the  origin.  When  allowance  Is  made  for  a  finite  dis¬ 
tribution  of  surface  elements,  the  result  takes  the  form 

Nr  “  T  /(2VF7T  -  [1  ♦  (— )  V*)  .  (21) 

where  r  Is  measured  from  the  center  of  the  disk  to  a  point  P  along  the 
axis.  If  one  assumes  0  *  y,  e  «  3,  and  T  ■  T' %  he  finds  that  the  number 
density  of  reflected  molecules  along  the  axis  Is  given  by 
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Nr  "  (5.4  A)  (1  -  (l  +  (i£,VS 


or  when  r  >  r 


' (2-7  ">  <-r>  (i •  •  •).  (23) 
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Electron  Gun  Requirements 
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The  electron  energy  should  be  high  enough  to  ensure  negligible 
scattering  of  the  beam  at  the  highest  pressure  of  Interest.  In  the 
present  context,  "negligible  scattering"  Implies  that  an  arbitrarily 
small  fraction  (say  <  10-2)  of  the  beam  electrons  Is  scattered  outside 
of  the  probing  volume  and  the  beam-collector  entrance.  The  beam  scat¬ 
tering  at  a  given  energy  will  depend  on  the  target  number  density,  com* 
position  (effective  atomic  number),  scattering  cross  section,  and  path 
length.  The  attenuation  of  a  well -col 11 mated  beam  of  monoenergetlc 
electrons  of  Initial  Intensity  lQ  In  traversing  a  uniform  target  of 
number  density  N  Is  described  by  the  equation 

l(x)  *  I0  exp  {-Nqgx)  ,  (24) 


where  I  Is  the  Intensity  of  the  unscattered  component  at  depth  x  and  qg 
Is  the  scattering  cross  section. 

For  electron  energies  above  the  minimum  excitation  threshold  for 
the  target  molecules,  the  total  scattering  cross  section  may  be  repre¬ 
sented  by  qg  *  qe  +  q±  where  qg  and  q ^  are  the  elastic  and  Inelastic 
scattering  cross  sections,  respectively.  The  angular  distribution  of 
the  scattered  electrons  Is  dependent  on  the  electron  energy,  and  the 
scattering  Intensity  rises  sharply  with  Increasing  atomic  number.  The 
number  of  electrons  which  are  scattered  outside  the  aperture  of  the  beam 
collector  will  thus  depend  on  the  beam  energy  and  the  effective  z  of  the 

target  for  fixed  geometry  and  target  density. 

The  ratio  of  the  total  inelastic-^)  to-elastlc  ( qe )  scattering 
cross  sections  has  been  shown  by  Lenz  (1954)  to  be  given  approximately  by 


[qjqj  -  (4/Z)  In  (2 H  vg  Zl/2/IaQ)  ,  (25) 


where  z  Is  the  atomic  number  of  the  target,  I  the  Ionization  energy,  ve 
the  electron  speed,  aQ  the  radius  of  the  first  Bohr  orbit,  and  h 
Planck's  constant  divided  by  2n.  Hence,  elastic  scattering  becomes 
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relatively  more  Important  the  greater  the  atomic  number  of  the  scatterer 
and  the  lower  the  velocity  of  the  electrons. 

In  order  to  ensure  small  beam  attenuation  at  the  highest  pressures 
of  Interest,  It  Is  necessary  that  Vm  qe  L  «  1,  where  Nm  Is  the  maximum 
number  density  of  the  target  and  L  Is  the  path  length  between  beam  source 
and  collector.  The  distance  L  must  be  sufficient  to  prevent  serious  flow- 
field  perturbations  of  the  target  In  the  region  where  measurements  are 
desired.  Hence,  the  selection  of  L  permits  one  to  evaluate  the  required 
beam  energy  ( Ee )  provided  qg(Ee)  Is  known.  For  example,  consider  the 
case  of  2.5-keV  electrons  Incident  on  a  10- 3  Torr  (and  300°K)  nitrogen 
target.  The  total  scattering  cross  section  Is  roughly  5  x  10“17  cm2 
which  dictates  that  L  be  less  than  about  29  cm  to  ensure  less  than  5% 
scattering  loss. 

The  Intrinsic  geometry  of  the  beam  formed  by  the  electron  gun  together 
with  the  field  of  view  of  the  optical  detection  system  will  affect  the 
spatial  resolution  of  the  beam  probe.  The  design  of  a  suitable  beam  col¬ 
lector  will  also  depend  on  the  beam  geometry.  Owing  to  effects  such  as 
space-charge  spreading  and  "gas  focusing"  the  geometry  of  the  beam  will  In 
principle  be  affected  by  the  target  density  even  In  the  single-collision 
domain.  It  Is  expected  that  space-charge  spreading  will  become  Important 
at  very  low  pressures  where  the  positive  Ion  density  In  the  beam  region 
Is  Insufficient  to  effectively  neutralize  the  negative  space  charge  of  the 
electron  beam  (Field,  Spangenberg,  and  Helm,  1947).  "Gas  (or  Ion)  focusing" 
may  become  Important  at  higher  pressures  If  the  positive  Ion  density  In 
the  beam  region  approaches  or  exceeds  the  effective  electron  density  (Hal- 
sted  and  Dunn,  1966). 

The  properties  of  the  electron  gun  which  was  adopted  for  use  In  the 
EBIL  system  will  be  described  In  the  INSTRUMENTATION  section  of  the  report. 


Detection  System  Sensitivity  Requirements 

The  strength  of  the  electron-beam-induced  emission  of  Interest  and  the 
optical  coupling  of  the  source  to  the  detector  are  necessarily  connected  with 
the  problem  of  Instrument  sensitivity  requirements.  The  strength  of  the 
emission  of  Interest  may  be  estimated  from  Eq.  (14)  (or  (15)]  when  It  is 
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known  a  posteriori  that  the  equation  Is  applicable.  The  quantities 
°u'y"  “  ^uV'/^v')  V’  the  30_called  emission  cross  sections,  are 
available  In  the  literature  for  a  relatively  large  number  of  molecular 
emissions.  Hence,  one  may  conveniently  estimate  the  volume  emission 
rate  of  photons  In  the  (u'»  v")  transition  by  specifying  a  beam  current 
density  and  a  target  number  density.  The  throughput  (product  of  collecting 
area,  collecting  solid  angle,  and  transmission)  of  the  optical  system  may 
then  be  used  to  estimate  the  Irradlance  at  the  detector.  The  bandpass 
characteristics  of  the  spectrally  selective  component  In  the  optical  sys¬ 
tem  must  of  course  be  used  to  determine  the  effective  transmission  factor 
for  the  rotational  structure  of  the  (u',  v")  transition. 

It  Is  desirable  to  select  a  detector  which  offers  a  high  quantum 
efficiency  at  the  wavelength  of  Interest  end  has  a  low  Intrinsic  noise 
level.  In  the  case  of  multiplier  phototube.*,  the  Intrinsic  (dark)  noise 
may  be  markedly  reduced  by  cooling  the  tube.  However,  In  order  to  avoid 
the  complications  attendant  with  cooling,  one  may  consider  a  tube  which 
has  the  most  favorable  (largest)  ratio  of  quantum  efficiency  (at  the  A 
of  Interest)  to  dark  lolse  In  order  to  see  If  It  meets  the  requirements 
of  the  experiment.  The  photomultipliers  having  bialkali  (SbKCs)  photo¬ 
cathodes  offer  quantum  efficiencies  ranging  from  20  to  30%  at  the  peak 
wavelength  of  3800  $  coupled  with  very  low  dark  currents  at  temperatures 
-  20°C.  Owing  to  the  Increase  of  photo-surface  resistivity  with  decreas¬ 
ing  temperature,  the  tubes  are  not  generally  cooled  below  about  -5°C. 

The  RCA-4516  photomultiplier  tube  was  adopted  for  the  present  application. 
Its  properties  will  be  discussed  under  INSTRUMENTATION. 

When  the  "light"  signals  to  be  measured  result  In  phot< multiplier 
currents  which  approach  the  level  of  the  tube  dark  current,  consideration 
should  be  given  to  the  methods  of  photomultiplier  noise  suppression  and 
to  the  relative  advantages  of  operating  the  photomultiplier  In  the  current 
(analog)  mode  as  compared  with  the  photon-counting  (digital)  mode.  It 
has  been  shown  (Alfano  and  Ockman,  1968)  that  under  certain  operating 
conditions  the  photon -counting  mode  of  operation  Is  superior  to  conven¬ 
tional  analog  techniques;  however.  In  the  present  case,  it  was  felt  that 
the  added  cost,  complexity,  and  developmental  time  did  not  justify  the 
Improved  system  performance  which  might  accrue  to  the  digital  detection 
method. 
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In  the  Interest  of  optimizing  slgnal-to-nolse  In  the  analog  mode  and 
of  rejecting  potential  background  signals,  the  lock-in  method  of  detection 
was  selected.  It  was  decided  that  a  detection  system  bandwidth  of  about 
35  Hz  was  desirable  from  the  standpoint  of  recovering  the  Important  infor¬ 
mation-carrying  frequencies  of  the  signal.  Hence,  the  signal  was  Interrupted 
at  a  frequency  (350—400  Hz)  somewhat  above  the  bandwidth  figure  (35  Hz)% 
amplified  at  the  chopping  frequency,  and  then  synchronously  demodulated  In 
order  to  recover  the  original  signal  Information.  A  variant  of  the  lock-in 
technique  was  used  In  the  photometric  Instrumentation  for  the  first  EBIL 
system,  whereas  a  standard  version  was  used  In  the  Instrumentation  for  the 
second  system. 

When  Intrinsic  photomultiplier  noise  dominates  the  noise  contributions 
to  the  output  of  a  lock-in  amplifier,  the  slgnal-to-nolse  ratio  (S/n)  at  the 
output  Is  given  by  (Rldgway,  1967) 

(S/N)  •  Wh)lfBHKfg  +  2fd)B*\  .  (24) 


where  /  Is  the  signal  photoelectron  rate,  fd  the  "dark"  photoelectron 
rate,  B  the  bandwidth,  and  z  an  excess  noise  factor  which  Is  greater  than 
1  and  may  be  as  high  as  4  for  a  poorer  tube.  Equation  (24)  applies  under 
the  assumption  that  a  tuned  amplifier  selects  the  fundamental  component 
of  the  square-wave  signal. 

The  signal  photoelectron  rate  required  to  yield  a  selected  (S/n) 
value  for  a  given  tube  (fd&z)  and  bandwidth  Is  seen  to  be 


f8  «  (a/2) [1  +  /I  +  (BfdJa))  ,  (25) 


where  a  =  (tt2/2 )(s/n)2Bz.  A  selected  RCA-4516  photomultiplier  may  have 
an  anode  dark  current  of  c  0.03  nA  at  20°C  for  a  tube  gain  of  :  105. 

These  figures  correspond  roughly  to  an  fd  value  of  2  x  103  sec-1.  If  one 
asstmes  a  bandwidth  of  35  Hz  and  an  excess  noise  factor  of  2,  approximately 
4  x  104  signal  photoelectrons  per  second  are  required  to  yield  a  (s/n) 
of  10.  The  required  signal  photon  rate  at  the  photocathode  will  of  course 
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depend  on  the  quantum  efficiency.  For  4000-)  photons  the  quantum  ef¬ 
ficiency  Is  about  20^;  hence,  an  Input  photon  rate  of  2  x  10s  sec"1 
would  be  required.  The  corresponding  Incident  power  would  be  :  10”13 
Watt.  It  Is  of  Interest  to  compare  this  figure  with  the  value  of  approx¬ 
imately  1.8  ul//cm  which  applies  to  the  power  per  unit  of  beam  length 
radiated  In  the  I12+1N  (0,0)  band  when  a  1  4  beam  of  100-el'  electrons 
passes  through  a  20°C,  1-mT  target  of  N2. 


Isolation  of  Spectral  Features 

Eathcr  and  Reasoner(1969)  have  compared  the  performance  of  an  Inter¬ 
ference-filter  photometer  with  that  obtainable  from  other  spectrophoto- 
metrlc  devices.  They  conclude  that  for  studies  where  a  bandpass  of 
>  2-3  Is  acceptable,  the  filter  photometer  has  the  advantages  of  higher 
throughput,  smaller  size,  weight,  simplicity,  and  cost  when  compared  with 
the  best  grating  spectrometers  and  Fabry-Perot  Interferometers.  The 
fixed-filter  photometer  suffers  from  lack  of  wavelength-selection  cap¬ 
ability  without  changing  filters.  The  tilting  filter  photometer  surmounts 
this  problem  to  a  certain  extent.  However,  the  spectral  Interval  which 
can  be  covered  with  a  single  filter  Is  relatively  small,  even  If  one  Is 
willing  to  accept  the  complications  Introduced  by  the  dependencies  of 
Instrument  bandwidth  and  integrated  transmission  on  tilt  angle.  For 
applications  which  do  not  require  high-resolution  spectral  scanning  or 
frequent  changes  In  wavelength  selection  and  bandpass  characteristics, 
the  filter  photometer  is  an  attractive  choice. 

The  spectral  resolution  required  by  the  EBIL  technique  depends  on 
the  desired  Information.  For  example.  In  the  case  of  vibrational -temper¬ 
ature  measurements.  It  Is  desirable  to  Isolate  Individual  vibrational 
bands  of  the  molecular  electronic  band  system  of  Interest.  Further,  It 
Is  usually  advantageous  to  compare  the  relative  Intensities  of  the 
members  of  a  sequence  (or  diagonal  group)  [u'  -  v"  =  constant].  As  men¬ 
tioned  previously,  the  N2+ IN  band  system  was  selected  for  the  present 
application.  The  spaclngs  between  band  origins  for  successive  members  of 
a  given  sequence  vary  slowly  with  the  vibrational  quantum  number  of  the 
upper  level.  For  the  tv  *  0,-1,  and  -2  sequences,  the  spaclngs  range 
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from  about  20  to  57  for  members  with  v"  i  4. 

The  rotational  structure  of  the  N2+1N  bands  varies  markedly  with  the 
rotational  temperature  of  the  N2(^1t^+)  molecules  when  the  emissions  are  pro¬ 
duced  by  energetic  electron  Impact.  The  significant  portion  of  the  rotational 
structure  Is  spread  out  over  a  spectral  Interval  of  roughly  30  $  at  300°K. 

In  contrast,  the  appropriate  spectral  Inten  i 1  Is  roughly  70  $  for  a  rotational 
temperature  of  1000°*.  One  finds  that  blending  of  the  rotational  structure 
of  adjacent  bands  In  a  sequence  becomes  significant  for  Tr>  400°*.  Hence, 
spectral  Isolation  of  the  bands  Is  not  possible  at  the  higher  rotational 
temperatures,  and  account  must  be  taken  of  the  blending  In  evaluating  vibra¬ 
tional  band  Intensities. 

In  attempting  rotational -temperature  measurements,  It  Is  desirable  that 
the  rotational  fine  structure  of  a  given  vibrational  band  be  resolved  and 
spectrally  scanned.  A  spectral  resolution  of  <  0.5  R  Is  required  to  sat¬ 
isfactorily  separate  the  N2+1N  R- branch  rotational  lines.  The  spaclngs  of 
successive  ff-branch  lines  Increase  with  Increasing  K'  (or  K")\  hence,  the 
required  resolution  varies  across  the  branch.  Such  resolution  Is  not 
adequate  to  resolve  the  finer  details  of  the  rotational  structure  (doublet 
structure  of  the  lines),  but  this  fact  Is  taken  Into  account  In  the 
analysis. 

The  measurement  of  rotational  temperature  can  also  be  carried  out 
without  recourse  to  a  detailed  examination  of  the  fl-branch  relative  line 
Intensities.  Muntz  and  Abel  (1964)  describe  the  development  of  a  two- 
channel,  Interference-filter  photometer  which  Is  suitable  for  rotational- 
temperature  measurements  when  It  Is  known  a  posteriori  that  the  "thermo¬ 
metric  molecules"  are  distributed  In  a  Boltzmann  fashion  over  the  accessible 
rotational  levels.  The  technique  utilizes  the  change  In  the  ratio  of  two 
appropriately  selected  Intensity  samples  from  the  (u',v")-band  rotational 
structure  as  an  Index  of  the  rotational  temperature.  In  practice,  It  Is 
desirable  that  the  system  be  calibrated  over  a  range  of  temperatures; 
however  It  Is  also  possible  to  predict  the  relative  variation  of  the  In¬ 
tensity  ratio  with  rotational  tempera  cure  and  to  normalize  the  result  to 
the  ratio  observed  at  a  single  known  temperature.  The  latter  approach 
was  followed  In  the  present  Investigation. 
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In  the  case  of  number-density  measurements,  the  spectral  resolution 
desirable  parallels  that  required  for  vibrational  temperature  measure¬ 
ments.  The  use  of  a  broader  passbind,  which  encompasses  more  than  one 
member  of  a  sequence.  Is  also  permlssable  as  long  as  the  spectral  region 

Is  free  from  Interfering  features. 

Fabry-Perot  type  Interference  filters  were  selected  for  use  1r.  the 
present  application.  The  filters  easily  satisfied  the  requirements  for 
spectral  resolution.  Care  was  taken  to  ensure  that  the  filters  were 
used  under  conditions  where  the  effective  filter  characteristics  were 
not  seriously  degraded  from  those  for  the  case  of  parallel  Illumination 
and  zero  Incidence  angle.  Additional  details  regarding  the  application 
and  characteristics  of  the  filters  are  given  In  the  section  on  INSTRU¬ 
MENTATION. 


Effect  of  the  Magnetic  Field  of  the  Earth 

The  magnetic  rigidity  of  the  beam  should  be  adequate  to  ensure 
negligible  loss  of  beam  from  the  collector  even  In  the  case  of  maximum 
beam  deflection.  It  Is  also  desirable  that  the  beam  remain  In  the  fleld(s) 
of-vlew  of  the  photometer(s)  or  other  spectrally  selective  optical  system. 
If  more  than  one  photometer  Is  used  to  view  the  beam  emission  and  output 
ratios  are  of  Interest,  the  relative  responses  of  the  Instruments  to 
changes  In  beam  position  must  be  considered.  In  the  case  of  a  rocket- 
borne  EBIL  system,  the  motion  of  the  rocket  thorugh  the  magnetic  field  of 
the  earth  can  result  In  a  variable  deflection  of  the  electron  beam.  The 
possibility  of  variable  deflection  arises  from  the  dependence  of  the 
deflecting  force,  -e(v  x  a),  on  the  angle  between  the  beam  direction  and 
the  direction  of  B.  A  rapid,  cyclic  variation  of  the  beam  position 
should  correlate  with  the  spin  motion  of  the  rocket,  and  a  slow,  periodic 
variation  should  correlate  with  the  precesslonal  motion.  ^ 

A  beam  of  monoenergetlc  electrons  Initially  moving  with  velocity  vg 
In  a  direction  perpendicular  to  a  uniform  magnetic  field  B  will  follow 
a  circular  path  of  radius  R  =  (m  v  /Be),  where  m  Is  the  mass  of  the 
electron  and  e  its  charge.  The  deflection  of  the  beam  from  Its  Initial 
direction  of  motion  Is  described  by  the  equation 
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*P  m  *C-  -  'T  "  (Z/R)*]  ,  (26) 


where  2  s  fl  Is  the  iHstence  from  the  initial  point  to  the  point  where  the 
deflection  Is  being  considered  end  ip  Is  measured  along  the  perpendicular 
to  the  original  direction  cf  motion. 

The  magnetic  rigidity.  BR,  of  the  electron  beam  Is  determined  by  the 
speed  of  the  beam  electrons  or,  equivalently,  by  the  square  root  of  the 
oeaii?  voltage  for  fixed  B.  In  the  present  application.  It  was  anticipated 
that  the  path  length  between  electron  gun  and  beam  collector  would  be 
-0.5  m.  It  is  desirable  to  have  R  somewhat  greater  than  this  figure.  The 
B  for  a  2.5-keV  electron  beam  Is  approximately  3.4  m  In  a  magnetic  field  of 
0.5  gauss,  and  the  maximum  deflection  Is  expected  to  be  about  4  cm  when  z  » 
0.50  m.  If  the  observation  region  Is  located  at  (z/2),  the  maximum  de¬ 
flection  at  this  position  becomes  approximately  1  cm.  Preliminary  calcu¬ 
lations  Indicated  that  deflections  of  this  magnitude  at  the  observation 

region  and  at  the  collector  could  be  tolerated  for  the  EBIL  system  which 
was  envisioned. 


Nighttime  background  sources  which  could  In  principle  affect  the 
measurements  of  Interest  Include  aurora,  alrglow,  moonlight,  starlight, 
and  zodlcal  light.  Aerobee  AO  3.006-1  was  flown  Into  a  rather  Intense 
auroi  .1  display.  In  order  to  prevent  the  photwietrlc  Instruments  from 
viewing  the  auroral  emissions,  a  low-reflectance  optical  backstop  was  used 
to  essentially  fill  the  fields  of  view  of  the  beam-oriented  photometers 
tig.  12).  Auroral  emissions  were  no  doubt  produced  In  the  region  between 
the  photometers  and  the  optical  backstop;  however,  the  Integrated  effect 
should  have  been  essentially  negligible  owing  to  the  rather  small  ratio 

^auroral ^beam^*  where  the  d's  refer  to  electron  current  densities.  The 
contflbutlng  volumes  are  of  course  different,  but  not  nearly  enough  to 
offset  the  difference  In  current  densities.  Aerobee  AO  3.910-1  was  flown 
under  conditions  where  background  should  have  been  minimal,  and,  as  a  result, 
the  optical  backstop  was  eliminated. 
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In  order  to  further  reduce  background  problems,  lock-in  detection 
systems,  or  a  variant  thereof,  were  used.  The  rejection  of  asynchronous 
optical  signals  by  the  first-generation  Instruments,  which  utilized  a 
dc-reset  amplifier,  was  found  to  be  somewhat  less  than  anticipated; 
however,  the  use  of  standard  lock-in  amplifiers  In  the  second-generation 
units  resulted  In  much  Improved  rejection  characteristics.  The  signal 
Information  was  chopped  electrically  at  a  rate  of  about  400  Hz%  amplified 
by  a  bandpass  amplifier  (a/  =  30  cps)  at  that  frequency,  and  then 
synchronously  rectified  and  converted  to  an  equivalent  bandwidth  at  zero 
frequency. 

It  appears  that  the  mo«  t  troublesome  background  signal  arose 
from  the  Interaction  of  beam-associated  electrons  with  as  yet  uniden¬ 
tified  components  of  the  payload.  A  similar  problem  occurred  during 
laboratory  calibration  of  the  two  payloads.  Fairly  extensive  tests  were 
conducted  In  an  effort  to  Identify,  and  possibly  eliminate,  the  back¬ 
ground  source;  however,  no  satisfactory  solution  was  forthcoming.  The 
beam-induced  background  problem  will  be  discussed  In  more  detail  In  a 
later  section  of  the  report. 


Vehicle  Charge  Build-Up 

The  free-space  capacitance  of  the  rocket  Is  so  small  (-  100  pF) 
that  charge  loss  during  operation  of  the  electron  gun  Is  potentially 
of  concern.  In  order  to  reduce  the  problem,  ?,  beam  collector  may  be 
used;  however,  several  factors  operate  to  reduce  the  collection  effic¬ 
iency  to  less  than  100%.  The  loss  of  electrons  from  the  rocket  system 
tends  to  drive  the  potential  of  the  vehicle  positive  with  respect  to 
the  surrounding  Ionospheric  plasma.  The  vehicle  will  then  act  much  like 
the  Langmuir  probe  and  will  begin  to  draw  a  return  current  through  the 
plasma.  If  the  plasma  Is  not  capable  of  providing  an  adequate  return 
current  for  a  given  potential  difference,  one  might  expect  the  potential 
difference  to  Increase  until  an  adequate  return  current  Is  reached. 

The  problem  of  vehicle  voltage-versus-current  characteristics  has 
been  considered  by  Hess  et  al.  (1969)  who  provide  several  pertinent 
references.  The  Langmuir  probes  Included  In  the  two  Aerobee  payloads 
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supplied  Information  on  the  vehlcle-to-plasma  potential.  The  results  will 
be  discussed  In  a  later  section  of  this  report. 
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INSTRUMENTATION 

General  Description  of  Payloads 

The  payloads  for  the  two  Aerobee  rockets  were  similar  In  design. 

The  primary  Instrumentation  consisted  of  a  pulsed  "electron  accelerator" 
for  stimulating  the  atmosphere  to  emission  and  an  array  of  photometers • 
phase-locked  to  spectrally-selected,  beam-excited  emissions,  for  obtain¬ 
ing  ambient  atmospheric  temperature  and  density  Information.  The  EBIL 
system  also  contained  a  boom-mounted  Faraday  collector  which  provided 
a  return  path  for  the  charge  associated  with  the  electron  beam.  Although 
not  highly  efficient,  the  beam  collector  served  to  reduce  vehicle-charg¬ 
ing  effects  to  an  acceptable  level. 

The  EBIL  system  for  Aerobee  A03. 006-1  also  contained  an  optical 
backstop  which  prevented  the  beam-oriented  photometers  from  viewing  un¬ 
wanted  auroral  emissions.  The  optical  backstop  was  omitted  from  the 
-BIL  system  for  Aerobee  A03. 006-1  since  It  did  not  appear  to  be  a  neces¬ 
sity  under  anticipated  flight  conditions.  However,  an  In-flight  calibra¬ 
tion  light  was  added  to  the  second  system  In  an  effort  to  reduce  the 
uncertainty  of  the  temperature  and  number  density  measurements. 

In  addition  to  the  EBIL  system,  each  of  the  payloads  contained  Instru¬ 
mentation  to  provide  supporting  measurements  and  other  measurements  of 
Interest  to  the  solcr-terrestrlal  relationship.  A  summary  of  the  various 
Instruments  contained  In  each  of  the  payloads  Is  presented  In  Tables  I  and 
II.  The  Instruments  are  discussed  In  moderate  detail  later  In  this  section 
of  the  report. 

Aerobee  A03. 006-1  was  designed  for  measurements  during  active  auroral 
conditions  when  enhanced  N2(x)  vibrational  temperatures  may  occur.  Views 
of  the  payload  configuration  are  shown  In  Figs.  10  and  11.  The  nosecone 
contained  doors  and  a  nose  tip  which  were  ejected  after  the  vehicle  had 
passed  through  the  dense  portion  of  the  atmosphere.  The  first  door  to  be 
ejected  exposed  the  soft-electron  spectrometer  and  the  energetic  particle 
counter  both  of  which  had  look  angles  centered  30°  above  the  normal  to 
the  spin  axis  of  the  rocket.  Next  the  boom  doors  and  nose  tip  were  simul¬ 
taneously  ejected.  Ejection  of  the  nose  tip  exposed  the  nominally 
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Table  I.  Payload  Instrumentation:  Aerobee  A03. 006-1 


Measurement 

Instrument 

Spectral  Feature  or  Response 

Tv  Of  N2(X) 

EBIL  system 

N,+  IN  (0,1);  (0,2);  (1,2); 

2  and  (2.4) 

in2] 

EBIL  system 

N+1N  (0,1) 

T  and  y 
e  e 

Langmuir  probe 

Primary  auroral 
electron  flux 

Geiger  counters 

Range:  (1)  Eg  -  6.5  keV 
(2)  Ee  £  17  keV 

(3)  E  M2  keV 

(4)  Ee  l  90  keV 

Primary  &  second¬ 
ary  auroral 
electrons 

Soft-electron 

spectrometer 

50  tV  -  12  keV 

N  +  1N  (0,0) 
[01]  lS  +  lD 


Auroral  emissions  dc-logarlthmlc 

photometers 
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Table  II. 

Payload  Instrumentation: 

Aerobee  A03. 910-1 

Measurement 

Instrument 

Spectral  Feature  or  Response 

Tv  of  N2U) 

EBIL  system 

N,+  IN  (0,1);  (1.2);  (2.4); 
2and  (3,5) 

t  of  N Ax) 

r 

EBIL  system 

N  +  1N  (0,1);  two  sampler 

IN21 

EBIL  system 

N2+1N  (0,1)  and  (1,2) 

[021 

EBIL  system 

0  +  IN  aw  -  +1  sequence 

T  and 

C  G 

Langmuir  probe 

Earth  shine 

IR  earth-scan 
radiometer 

[01 

Thln-sllver-fllm 

"resistivity" 

sensor 

Figure  11.  Aerobee  A03. 006-1  payload  without  nose  cone. 
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vertically-viewing  auroral  photometers  (3914  and  5577  3),  as  well  as  the 
electron-gun  system  and  the  beam-oriented  photometers.  The  booms  were 
then  elevated  after  a  delay  of  a  few  seconds.  . 

The  boom  adjacent  to  the  front  ends  of  the  electron  gun  and  beam- 
oriented  photometers  carried  the  Faraday  collector  and  optical  backstop. 

A  Langmulr-probe  sensing  element  was  mounted  on  the  second  boom.  The 
Langmuir  probe  was  Included  to  provide  measurements  of  T  ,  K  ,  and  the 
vehlcle-to-plasma  potential.  The  geometrical  configuration  of  the  compo¬ 
nents  of  the  EBIL  system  Is  depicted  In  Fig.  12.  High  voltage  was  applied 
to  the  SES  and  the  EPC  at  an  altitude  of  approximately  90  km  where  the 
ambient  air  density  was  sufficiently  low  to  permit  safe  operation  of  the 
curved-channel  electron  multipliers  (Bendix  Channeltrons)  associated  with  the 
instruments.  The  final  timed  function  on  the  up-leg  of  the  flight  was  the 
opening  of  the  electron  gun  at  an  altitude  of  approximately  140  km. 

The  payload  section  of  Aerobee  A03. 910-1  (hereafter  Aerobee  II),  shown 
In  Figs.  13-15,  was  similar  to  that  of  Aerobee  A03. 006-1  (hereafter  Aerobee 
I).  However,  the  EBIL  system  was  expanded  to  provide  Information  concerning 
[02]  and  N2(^1E^f  ,  Tp) ,  In  addition  to  the  [N2]  and  N2 (at,  tv)  measurements.  The 
electron-gun  system  was  also  redesigned  to  provide  an  average  beam  current 
of  up  to  50  mA.  Additional  changes  Included  the  elimination  of  the  optical 
backstop,  the  Inclusion  of  an  In-flight  calibration  source,  and  the  place¬ 
ment  of  a  beam-current  monitor  at  the  output  of  the  electron  gun.  The 
auroral  support  Instrumentation  was  eliminated;  however,  a  Langmuir  probe, 
atomic  oxygen  sensor,  and  an  IR  earth-scan  radiometer  were  Included.  The 
geometry  of  the  EBIL  system  Is  depicted  In  Fig.  16.  The  Instrument  shown  on 
top  of  the  electron-gun  package  was  eliminated  In  the  final  design. 

Both  of  the  Aerobee  payloads  were  recovered  by  severing  the  payload 
from  the  motor  section  after  the  payload  had  descended  below  the  altitudes 
of  Interest.  Following  severance  from  the  motor,  a  parachute  was  deployed 
to  return  the  payload  to  the  earth  without  major  damage. 

Each  of  the  payloads  was  equipped  with  a  radar  beacon  transponder  to 
facilitate  tracking  the  vehicle.  In  addition,  Aerobee  I  carried  a  recovery 
beacon  which  transmitted  after  Impact  to  provide  a  homing  signal  to  assist 
In  locating  the  payload.  Each  payload  operated  on  a  single  telemetry  link. 
Aerobee  I  used  the  standard  VHF  telemetry  band;  whereas  Aerobee  II  carried  an 
S-band  telemetry  system. 


VERTICALLY  VIEWIN') 
PHOTOMETER 


4  PHOTOMETERS 

(SIDE  BY  SIDE) 


OPTICAL 
•ACK  STOP 


FARADAY 

COLLECTOR 


Figure  12.  Geometry  of  EBIL  system  for  Aerobee  AO  3.006-1. 
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Figure  14.  Aerobee  A03. 910-1  payload  with 


doors  and  nosetip  removed. 


vV-  'Jpticol  Bocktfop 
V  (eliminated 
before  flight) 


3390£  PhoH^jier«- 
4600A  Phdt^W 
4250A  PhofomeTk 
4550A  Photometer 
4280A  Photometer 
4229  A,  Photometer 


Eorth  Scon 
IR  Radiometer 


Commutator 


Magnetometer 


Umbilical  Connector 


Figure  15.  Aerobee  A03.910-1  payload 


•th  nose  cone-assembly  removed 


] 
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The  mechanical  functions  of  nosetlp  ejection,  door  ejection,  and 
boom  elevation  were  controlled  by  mechanical,  acceleration-activated 
timers  which  were  tripped  during  vehicle  liftoff.  At  preselected  times, 
switches  In  the  timers  were  closed  resulting  In  the  discharge  of 
pyrotechnic  devices  which  accomplished  the  desired  functions.  The  mech¬ 
anical  timers  also  controlled  the  power  to  the  break-seal  unit  of  the 
electron  gun,  thus  permitting  selection  of  the  altitude  at  which  the  gun 
was  opened.  Power  to  the  electron  gun  on  Aerobee  I  was  similarly  con¬ 
trolled.  The  parachute  recovery  system  and  fuel  shutoff  to  the  Aerobee 
motor  were  controlled  Independently  by  other  timing  devises. 

The  Information  listed  In  Tables  III  and  IV  show  the  precise  timer 
settings  for  Aerobees  I  and  II,  respectively.  A  backup  timer  was  Incor¬ 
porated  In  each  payload  to  ensure  reliable  operation  In  the  event  of  a 
failure  In  the  primary  system. 


Table 

III.  Timer  settings 

—  Aerobee  A03. 006-1 

Primary  timer 
setting  (seconds 
after  lift  off) 

Secondary  Timer 
setting  (seconds 
after  lift  off) 

Function 

61 

62 

SES  and  PC  door  ejection 

68 

69 

Boom  doors  and  nose-tip  ejection 

72 

73 

Boom  elevation 

85 

86 

SES  and  PC  high  voltage  turn  on 

123 

125 

Electron  gun  break-seal  activation 
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Table  IV.  Timer  settings  —  Aerobee  A03. 910-1 


Primary  timer 
setting  (seconds 
after  lift  off) 

Secondary  timer 
setting  (seconds 
after  lift  off) 

Function 

61.2 

62.4 

Nose-tip  ejection 

65.5 

67.0 

Door  ejection 

72.9 

72.5 

Boom  elevation 

75.7 

76.4 

[OJ  sensor  opening 

106.5 

108.4 

Electron  gun  break-seal  activation 

108.1 

109.1 

Electrorf  gun  turn  on 

In  the  material  which  follows,  each  of  the  Instruments  In  the  two 

pay  oads  will  he  described.  The  approach  which  will  be  followed  entails 

a  functional  description  built  around  simplified  diagrams.  (Circuit  dla- 

grams  are  Included  In  the  appendices.)  The  support  Instrumentation  ,s 

described  first  followed  by  a  description  of  the  EBIL  (or  primary)  Inst- 
rumentatlon.  rv;  inst 


Langmuir  Probe 

The  Langmulr-probe  technique  for  measuring  electron  temperature  and 
enslty  was  provided  as  a  supporting  measurement  to  the  electron-beam 
probe.  Inasmuch  as  this  technique  Is  well  established  for  use  In  sound- 
ng  rocket  measurements  (Baker,  et  al.,  1970;  Willi more.  1970;  Smith. 

be  liJLtn'rh,  a"d  Se,jMS  ^  B“rt’  1967K  the  <'-,scuss'°n  here  will 
be  11 ,  ted  to  the  Langmuir  probes  which  were  flown  on  Aerobees  I  and  II 

an  will  omit  a  detailed  general  discussion  of  Langmulr-probe  theory. 

hv  ,nnie<me*S“rmentS  °f  e1ectron  temperature  and  density  are  accomplished 
L\  *  Ptogra-ed  dc  voltage  to  a  sensor  which  Is  Immersed  In  the 

Lr  d  th  P  “ma'  The  reSU,t,n9  relationships  are  mon¬ 

itored  through  two  telemetry  channels  to  provide  the  necessary  Information 
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Figure  17.  Aerobee  A03. 006-1  Langmuir  probe  sweep  voltage. 


Figure  17  shows  the  waveform  of  the  programmed  dc  voltage  applied  to  the 
sensor  of  Aerobee  I . 


Figure  18.  Sketch  of  Langmuir  probe  sensor  current. 


The  sensor  current  sketched  In  Figure  18  illustrates  how  the  current 
waveform  may  be  divided  into  three  regions  for  analysis.  The  regions 
are:  (1)  the  electron  retarding  and  positive  Ion  accelerating  region, 
(2)  the  point  of  inflection,  and  (3)  the  electron  accelerating  and 
positive  ion  retarding  region.  The  analysis  of  the  above  curve  can 
be  broken  down  as  follows: 


dens1ty  ]s  very  nearly  proportional  to  the 
*CtI%YU7ent  the  e1ectron  accelerating  region 
acceJerat1ng  potential).  Although  elec- 
tron  dens1ty  may  be  analytically  calculated  from 
electron  current  and  the  sensor  geometry,  experience 
has  Indicated  that  the  Langmuir  probe  Is  better  for 
measurement  of  relative  electron  density  with  iono- 

c^?^XteCh"^eS  Pr0V,d,n9  a"  ibM,Ute 

(U)  Electron  temperature  Is  directly  related  to  the 

shape  of  the  current  waveform  In  the  electron  re¬ 
tarding  region. 

(tit)  Vehlcle-to-plasma  potential  may  be  determined  by 
Inflection^  SCnSOr  Voltage  at  the  P°1nt  of 

In  the  electron  retardation  region,  the  probe  current  J  Is  related 
to  the  sensor- to-plasma  voltage  v  by  the  expression 
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I  -  IQ  exp  ( eV/kTe )  ,  (27) 

where  jQ  is  the  electron  current  when  the  sensor  Is  at  the  plasma  poten- 
t  a  (point  of  Inflection),  e  the  electronic  charge,  k  Boltzmann's 
constant,  and  T0  electron  temperature. 

The  electron  temperature  Is  found  by  taking  the  logarithm  of  this 
expression  giving 


Te  •  {eV/k)[ln{lfIo)r'  . 


Thus,  the  electron  temperature  may  be  found  from  the  slope  of  the 
ln{i/iQ)  versus  v  curve.  In  practice  the  amplifier  measuring  the  sensor 
current,  i,  has  a  logarithmic  characteristic  which  serves  the  dual  pur¬ 
pose  of  simplifying  the  temperature  analysis  and  also  Increasing  the 
range  of  temperatures  which  may  be  measured. 

The  potential  of  the  vehicle  with  respect  to  the  plasma  may  be 
found  from  the  electron  current  waveform  by  noting  the  function  gener¬ 
ator  potential  at  the  time  corresponding  to  the  point  of  Inflection. 


Figure  19.  Block  diagram  of  Langmuir  probe  LP69B-1 . 


The  block  diagram  of  the  Langmuir  probe  flown  on  Aerobee  I  Is  shown 
In  Fig.  19.  The  function  generator  produces  a  repetitive  trapezoidal 
waveform  which  starts  at  -1  volts  and  sweeps  linearly  to  +5  volts  In 
0.  5  sec.  This  waveform  Is  applied  through  the  Input  of  an  operational 
amplifier  to  the  sensor  Immersed  In  the  plasma.  The  sensor,  shown  In 
Figure  20,  consists  of  a  gold-plated  brass  rod  0.094  Inches  In  diameter 
and  5.5  Inches  long.  The  wiring  to  the  sensor  Is  guarded  (shielded)  by 
driving  the  stainless  steel  tubing  In  which  the  sensor  Is  mounted  and 
also  the  coaxial  cable  shield  which  connects  to  the  stainless  steel  tube 
with  the  same  function  generator  voltage  as  Is  applied  to  the  amplifier. 
The  guarding  helps  shield  the  amplifier  Input  from  stray  noise  pickup 
and  also  reduces  the  sensor-to-rocket  capacitance. 

Charge  flow  from  the  sensor  to  an  FET  Input  operational  amplifier 
Is  converted  to  a  voltage  at  the  output  which  Is  proportional  to  the 
sensor  current  plus  the  function  generator  voltage.  This  output  Is  fed 
Into  the  non-inverting  Input  of  a  differential  amplifier.  By  feeding 
the  Inverting  Input  of  the  differential  amplifier  with  the  function 
generator  voltage,  the  differential  amplifier  output  voltage  becomes 
proportional  to  only  the  sensor  current. 
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The  differential  amplifier  output  Is  logarithmically  compressed  by 
sunning  terms  of  a  series  expansion  approximating  the  logarithmic  function. 
This  Is  accomplished  electronically  by  feeding  the  differential  amplifier 
output  into  the  first  of  nine  saturating  amplifiers  connected  In  series. 
Each  amplifier  has  a  voltage  gain  of  3.00,  and  the  output  Is  clipped 
by  zener  diodes  at  5.1  volts.  The  outputs  of  each  of  the  amplifiers 
are  sunned  by  an  operational  amplifier  to  provide  the  logarithmic 
response.  The  measured  input-current-to-output-voltage  relationship 
for  the  above  electronics  Is  shown  In  Figure  21. 

Since  the  loss  of  electrons  from  the  electron  beam  probe  could  cause 
major  perturbations  In  vehicle-to-plasma  potential,  the  Langmuir  probe  was 
modified  to  provide  a  pulse  once  every  14.5  seconds  which  would  turn  the 
electron  gun  off  and  allow  the  Langmuir  probe  to  make  a  measurement  with 

vehicle  potentials  closer  to  normal. 

The  Langmuir  probe  flown  on  Aerobe*  II  was  very  similar  to  the  probe 
described  above  in  all  but  two  a rets.  The  logarithmic  amplifier  for  the 
Aerobee  II  Langmuir  probe  used  the  exponential  characteristics  of  a  for¬ 
ward  biased  diode  to  function  as  the  feedback  element  around  an  operational 
amplifier  Instead  of  series  saturating  amplifiers.  The  diode-feedback 
technique  provides  a  smoother  logarithmic  compression  by  eliminating  the 
small  discontinuities  In  slope  of  the  amplifier  response  curve  generated 
as  the  amplifiers  reach  saturation.  One  drawback  to  the  diode-feedback 
technique  Is  that  the  forward  diode  characteristics  are  not  only  a  func¬ 
tion  of  current  (or  voltage)  but  also  temperature.  To  eliminate  temper¬ 
ature  dependence.  It  Is  necessary  to  maintain  the  feedback  diode  at  a 
constant  temperature  In  an  electronically-controlled  oven.  The  charac¬ 
teristic  input  current-output  voltage  curves  for  the  Langmuir  probe  used 
on  Aerobee  II  are  shown  In  Figure  22.  Complete  schematic  drawings  of 
both  Langmuir  probes  are  Included  In  the  appendices. 

The  voltage  sweep  for  the  Aerobee  II  Langmuir  probe  was  Increased 
from  -1  —  +5  to  -1  —  +10  V.  This  was  done  In  an  effort  to  overcome 
possible  significantly  positive  vehicle  potentials  when  the  electron 
gun  Is  operated. 


LANGMUIR  PROBE 


SENSOR  CURRENT  (Amp *w) 


SENSOR  CURRENT  (Amperes) 
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5577  and  3914  %  Photometers 

Two  vertically  viewing  photometers  were  Included  In  the  Aerobee  I 
payload  to  provide  Information  on  the  Important  5577  and  3914-3  aurora 
emissions.  The  photometers  consist  of  an  optical  system  to  define  te 
field  of  view  and  spectral  bandpass,  a  ruggedlred  photomultiplier  detec¬ 
tor.  high  voltage  pcwer  supply,  and  a  logarithmic  amplifier  all  self-con 
talned  In  a  hermetically-sealed  case.  The  specifications  for  the  two 
photoi.  "ters  are  summarized  In  Table  V. 


Table  V.  Specifications:  3914  and  5577  £  photometers. 


Model  (Serial) 

WT-4  (Serial  No.  5) 

WT-4  (Serial  No.  15) 

Filter  Center  Wavelength 

3910 

5577  % 

Filter  Bandwidth 

40  H 

35  2 

Filter  Peak  Transmission 

34* 

82* 

Field  of  View 

10°  (.024  sr) 

10°  (.024  sr) 

Maximum  Signal 

6.2  x  105  Rayleighs 

4.2  x  106  Rayleighs 

Minimum  Signal 

7.4  Rayleighs 

15  Rayleighs 

Curves  providing  the  Instrument  output  voltage  as  a  function  of  Irradlancc 
and  temperature-monitor  output  as  a  function  of  temperature  are  Included 

In  the  appendices. 


Particle  Counter 

Since  Aerobee  I  was  launched  during  an  auroral  event,  a  particle 
counter  was  included  to  provide  Information  on  the  flux  and  energy  spectrum 
of  energetic  primary  electrons  producing  the  aurora.  The  particle  counter 
shown  In  the  block  diagram  In  Fig.  23  Is  a  four-channei  instrument  designed 
to  measure  electrons  In  four  energy  ranges:  (1)  energy  >  6.5  keV; 


CnOOptAmZ) 
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Figure  23.  Block  diagram  of  energetic  particle  counter. 
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(2)  energy  >  17  keV;  (3)  energy  >  42  keV;  and  (4)  energy  >  90  keV.  Dis¬ 
crimination  of  particle  energy  is  achieved  by  the  electron  transmission 
cutoffs  of  the  particle  detector  entrance  windows.  The  three  higher  energy 
channels  use  end-window  gelger  tubes  as  detectors  while  the  6.5-kcV  channel 
employs  a  curved-channel  electron  multiplier  as  the  detector.  The  outputs 
from  each  of  the  detectors  are  conditioned  and  fed  Into  a  logarithmic 
Integrator  which  provides  an  output  voltage  which  Is  approximately  propor¬ 
tional  to  the  logarithm  of  the  count  rate.  The  logarithmic  Integrators 
have  a  response  time  constant  of  approximately  5  x  10-2  sec  which  Is 
a  compromise  between  providing  a  smooth  output  and  being  able  to  follow 
rapidly  changing  flux  rates  due  to  vehicle  motion  and  auroral  activity. 

Since  the  gelger  tubes  and  channel tron  operate  at  high  voltages 
(2650  V  and  3,000  V,  respectively)  considerable  care  was  exercised  to  pre¬ 
vent  arcs  and  corona  discharges  at  any  ambient  pressure.  Further  pre¬ 
cautions  were  taken  to  ensure  that  If  an  arc  or  corona  did  occur  there 
would  be  no  damage  to  either  the  particle  counter  or  any  of  the  Instru¬ 
ments  aboard  the  vehicle.  This  was  accomplished  by  housing  the  three 
gelger  tubes  In  a  pressure-tight  compartment  with  the  high  voltage  power 
supply.  Only  the  gelger-tube  windows  were  exposed  to  vacuum  during  flight. 
Inasmuch  as  the  channel tron  must  be  at  pressures  <  10"4  Torr  In  order  to 
operate.  It  was  placed  outside  the  pressure- tight  compartment  and  was 
provided  with  ample  open  spaces  for  rapid  pumpout  during  ascent.  The  3  kV 
supplied  to  the  channel tron  was  turned  on  by  a  timer-actuated  high  vo?vage 

reed  relay  at  approximately  90-km  altitude. 

A  complete  schematic  drawing  of  the  particle  counter  and  calibration 
curves  for  the  logarithmic  integrators  are  included  In  the  appendices. 
Geometric  factors  are  shown  In  Table  VI. 

Table  VI.  Geometric  factor  for  energetic  particle  counter. 

Channel  Energy _ Geometric  Factor _ 

E  _  6.5  keV  9.36  x  10"6  cm2  steradlan 

E  -  17  keV  4.92  x  10" 3  cm2  steradlan 

E  _  42  keV  7.095  x  10"2  cm2  steradlan 

E  _  go  keV  7.095  x  10“2  cm2  steradlan 
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Soft  Electron  Spectrometer 

The  soft  electron  spectrometer  is  designed  to  measure  electron  fluxes 
from  50  eV  to  12  keV  in  six  broad  energy  ranges.  The  instrument  operates 
by  collimating  the  Incident  electrons  and  allowing  them  to  pass  through 
a  known  magnetic  field.  Three  sensors  are  appropriately  placed  to  count 
electrons  whose  paths  are  bent  to  predetermined  radii  by  the  magnetic 
field. 

As  shown  In  the  soft  electron  spectrometer  block  diagram  (Fig.  24), 
three  curved-channel  electron  multipliers  are  used  to  count  the  electrons 
following  the  different  radii  of  curvature  In  the  magnetic  field.  Two 
ranges  of  operation  are  made  possible  for  each  curved-channel  multiplier 
by  switching  the  magnetic  field  Intensity  between  two  fixed  levels.  The 
field  switching  thus  provides  a  total  of  six  energy  channels  although 
measurement  may  be  made  with  only  three  channels  at  a  time. 

The  range  of  operation  of  each  sensor  Is  determined  by  a  free-running 
multivibrator  which  controls  the  current  output  of  a  regulator  feeding 
the  electromagnetic  field  colls.  The  current  regulator  alternately  sets 
the  magnetic  field  at  25  gauss  for  120  msec  and  103  gauss  for  120  msec. 

The  radii  of  curvature  for  acceptance  by  the  three  channel trons  are  approx¬ 
imately  1.0  cm,  1.5  cm,  and  2.0  cm  for  channels  one,  two,  and  three,  re¬ 
spectively.  The  above  combination  of  magnetic  field,  radii  of  curvature, 
colllmation  effectiveness,  and  size  of  the  sensitive  area  on  the  channel- 

trons  result  In  the  energy  responses  tabulated  In  Table  VII  and  shown  In 
Fig.  25. 

When  an  electron  Is  detected  by  one  of  the  curved-channel  multi¬ 
pliers,  a  signal  Is  generated  which  is  amplified  and  then  counted  by 
six  flip  flups  connected  as  a  ripple  counter.  The  flip-flop  outputs  are 
summed  to  produce  a  64-step  staircase  voltage  between  the  limits  of  +5  V 
and  0  V.  Each  step  in  the  staircase  voltage  represents  a  single  counted 
electron.  At  the  completion  of  the  staircase  (64  counts)  the  process 
Is  repeated. 

In  order  to  differentiate  between  high  and  low  energy  counts  from 
each  channel  as  determined  by  the  strength  of  the  magnetic  field,  signa¬ 
ture  pulses  are  generated  by  the  Instrument.  High  energy  counts  from 
each  channel  follow  a  +5  volt, 5-msec-wide  pulse  and  low  energy  counts 
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Table  VII.  Soft  electron  spectrometer:  response 
versus  magnetic  field  strength. 


Channel 

Number 


1 


2 


3 


Field  Strength 
(Gauss) 

Electron  Energy 
for  Peak 
Response 

Half  Peak  Response 
Energy  Limits 

25 

65  eV 

50-90  eV 

103 

1.1  keV 

0.85-1.6  keV 

25 

150  eV 

120-250  eV 

103 

2.7  keV 

2.0-4. 5  keV 

25 

250  eV 

220-700  eV 

103 

4.0-13.0  keV 
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follow  a  zero  volt, 5-msec -wide  pulse.  These  pulses  are  Imposed  on  the  out¬ 
puts  of  each  of  the  three  data  channels.  Figure  26  shows  typical  output 
waveforms  from  the  soft  electron  spectrometer  Including  the  energy-range 
signature  pulses. 


Geometric  factors  for  the  various  energy  ranges  are  shown  In  Figure  25. 
Efficiency  curves  for  the  channel trons  and  a  complete  schematic  drawing  of 
the  Instrument  are  Included  In  the  appendixes. 

Atomic  Oxygen  Detector 

The  highly  reactive  nature  of  atomic  oxygen  Is  used  as  the  basis  for 
Its  measurement  on  Aerobee  II.  The  measurement  Is  made  by  exposing  a  thin 
film  of  metallic  silver  to  the  atmosphere  and  then  measuring  the  change  In 
resistance  of  the  film  as  the  silver  Is  oxidized  by  the  atomic  oxygen.  The 
sensors  consist  of  small  glass  rods  on  which  a  thin  (=150  ft)  film  of  metallic 
silver  Is  deposited  by  conventional  techniques  [Henderson.  1970].  Four 
coated  rods  were  used  to  make  simultaneous  measurements.  The  sensors  were 
maintained  under  vacuum  until  the  vehicle  reached  an  altitude  of  approxi¬ 
mately  75  km.  A  dimple  motor  was  then  detonated  to  open  the  container  and 
expose  the  sensors.  The  sensor  package  was  mounted  on  the  end  of  one  of  the 
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booms  to  position  It  as  far  from  the  rest  of  payload  as  possible.  This 
was  done  to  minimize  the  possible  perturbing  effects  of  the  vehicle  on 
the  atomic  oxygen  density  near  the  vehicle.  Since  the  oxidation  of  the 
metallic  silver  Is  also  dependent  upon  the  flow  rate  of  the  atomic  oxygen. 
It  proved  desirable  to  move  the  sensors  as  far  as  possible  from  the 
rocket  body  thus  allowing  a  better  estimate  of  the  flow  rate. 

The  oxidation  of  the  four  sensors  was  monltcred  by  four  circuits 
each  approximating  a  logarithmic  ohmmeter.  The  outputs  from  the  four 
circuits  were  commutated  by  an  electronic  commutator  having  the  format 
shown  In  Table  VIII.  The  coranutator  output  was  fed  to  a  continuous 
telemetry  channel  for  transmission.  The  logarlthmlc-ohmmeter  circuitry 
is  shown  In  Fig.  27,  and  the  calibration  data  showing  output  voltage  as 

a  function  of  resistance  for  each  of  the  four  channels  are  Included  In 
the  appendices. 


Table  VIII.  Commutator  format  for  atomic  oxygen  detector. 


Segment 

Function 

Segment 

Function 

1 

+5  V 

9 

Detector  1 

2 

+5  V 

10 

Detector  2 

3 

+5  V 

11 

Detector  3 

4 

0  V 

12 

Detector  4 

5 

Detector  1 

13 

Detector  1 

6 

Detector  2 

14 

Detector  2 

7 

Detector  3 

15 

Detector  3 

8 

Detector  4 

16 

Detector  4 

Electron-Beam-Induced  Luminescence  Svstoms 

Simplified  block  diagrams  of  the  basic  EBIL  systems  which  were 

flown  on  Aerobees  I 

and  II  are  presented  In  Figs.  28  and  29, 

respectively 

he  connections  of  the  Individual  blocks  (where  appropriate) 

to  the 

primary  power  source  have  been  omitted 

for  the  sake  of  clarity.  The 

6! 


detector,  logarithmic  ohmeter  schematic  diagram 


Figure  28.  Block  diagram  of  EBIL  system  for  Aerobee  AO  3.006- 


Figure  29.  Block  diagram  of  EBIL 


system  for  Aerobee  AO  3.910-1. 
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Indication  of  a  connection  of  the  electron  gun  break-seal  tabs  to  the 
power  supply  and  control  circuitry  Is  also  omitted.  Features  tomnon  to 
the  two  systems  will  be  discussed  first;  this  discussion  will  be  followed 
by  a  consideration  of  basic  system  differences. 

A  Machlett  Laboratories'  Type  EE-65  electron  tube  was  used  In  each 
of  the  systems.  As  mentioned  previously,  the  EE-65  tube  was  developed 
especially  for  rocket  Instrumentation  (Hess  et  al.t  1971).  The  tubes 
feature  planar-type  metal-ceramic  construction,  an  Indirectly-heated 
cathode  consisting  of  an  oxide-impregnated  porous  nickel  matrix  on  a 
base  nickel  disc, a  high-mu  control  grid,  a  simple  two-element  electro- 
sta«J  lens  for  beam  formation  and  focusing,  and  a  special  end-cap  assembly 
which  may  be  removed  by  a  thermal-shock  procedure  (see  discussion  below). 
The  electron  gun  was  designed  to  provide  beam  currents  of  up  to  100  mA 
at  10  keV.  According  to  the  manufacturer  (Machlett  Laboratories,  1969), 
the  gun  Is  capable,  theoretically  of  putting  90%  of  the  beam  within  a 
2-cm-dlameter  circle  located  30  cm  from  the  anode  of  the  gun.  Subsequent 

tests  have  confirmed,  and  In  some  Instances  possibly  exceeded,  this  expec¬ 
tation. 

The  Type  EE-65  tubes  are  delivered  as  a  sealed  unit  with  the  cathode 
properly  conditioned  for  use.  The  front  end  of  the  gun  consists  of  a 
tubular  ceramic  section  which  Is  bonded  on  one  end  to  the  open  anode 
structure  and  on  the  other  to  the  metallic  end  cap.  A  ribbon-like  metallic 
band  Is  bonded  circumferentially  to  the  ceramic  section  In  the  region  be¬ 
tween  the  anode  and  the  end  cap.  Tabs  or  leads  are  brazed  to  the  band 
nid  provide  a  convenient  means  for  applying  power.  Upon  sudden  application 
of  (15  ±1)k  from  a  low  Internal  resistance  source,  the  band  Is  heated 
sufficiently  fast  to  shock  the  ceramic  and  produce  a  clean  fracture  en¬ 
circling  the  ceramic  section.  Mechanical  separation  of  the  parts  Is 
facilitated  by  spring  loading  the  end  cap;  however,  the  break  Is  normally 
clean  enough  and  violent  enough  to  result  In  separation  unless  the 
orientation  of  the  tube  Is  such  as  to  prevent  It.  A  picture  of  the 

EE-65  showing  the  end  cap  separated  from  the  gun  section  Is  shown  In 
Fig  30. 

Each  of  the  systems  was  controlled  by  a  SYNC  DRIVE  unit  which  con¬ 
sisted  of  a  master  clock,  shown  In  Fig  31,  and  appropriate  gating  circuitry 


Figure  30.  Machlett  Laboratories  Type  EE-65  electron  gun. 


Figure  31.  Master  clock  for  EBIL  systems  (free-running, 
square-wave  oscillator). 
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to  synchronize  the  electron  gun  unit  and  the  photometers.  In  the  second- 
generation  system  (Fig.  29),  the  SYNC  DRIVE  unit  also  gated  the  In-flight 
calibration  source  and  the  synchronous  rectifier  In  the  beam  current  am¬ 
plifier.  The  master  clock  (Fig.  31)  was  a  free-running  square-wave  oscil¬ 
lator  built  around  a  type  741  IC  operational  amplifier.  The  operating 
frequency  was  selected  by  adjusting  the  time  constant  RXCX.  The  operating 
frequency  was  set  at  approximately  350  Hz  In  the  first  system  and  at  approx¬ 
imately  400  Hz  In  the  second.  The  signal -carrying  frequency  was  selected 
to  be  roughly  ten  times  (10X)  the  design  bandwidth  (=35  Hz)  of  the 
optical  detection  system,  thus  permitting  effective  filtering  of  the  syn¬ 
chronously-rectified  square-wave  signal. 

Phase  and  symmetry  adjustments  were  required  for  proper  operation  of 
the  systems.  The  SYNC  signals  fed  to  the  photometers,  electron  gun,  beam- 
current  amplifier,  and  In-flight  calibration  source  were  adjusted  for  proper 
phase  and  symmetry  by  means  of  the  circuit  shown  In  Fig.  32.  The  SYNC 
Input  (A)  from  the  master  clock  Is  fed  to  monostable  multivibrator  (1) 
which  produces  an  output  pulse  of  variable  width  occurlnq  at  the  end  of 
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Figure  32.  Phase  and  symmetry  controls  for  operation  of  the  phase 
sensitive  detectors. 
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the  clock  pulse.  The  output  (b)  of  the  monostable  or  one-shot  multi¬ 
vibrator  is  then  fed  to  a  second  "one  shot"  (2)  which  produces  the  SYNC 
output  (C),  again  of  variable  width.  The  combination  of  "one  shots"  thus 
permits  control  of  both  the  phase  and  symmetry  relationships  between  the 
clock  pulses  and  the  SYNC  output  pulses.  The  STOP  pulse  input  to  the 
first  "one-shot"  inhibits  its  action  and  thus  prevents  the  generation  of 
the  SYNC  output.  The  Importance  of  this  feature  will  become  apparent 
later. 

The  collector  amplifiers  {Fig.  33)  w.ere  essentially  identical  in  the 
two  systems.  The  input  current  from  the  beam-current  collector  Is  fed  to 
an  inverter  and  then  to  a  DC  amplifier  which  acts  as  a  current- to-voltage 
converter.  The  square-wave  voltage  signal  from  the  amplifier  is  then 
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Figure  33.  Block  diagram  of  Faraday  collector  beam-current  monitors. 


filtered  by  an  active,  low-pass  filter  (Fig.  34)  with  a  bandwidth  of 
about  35  Hz.  The  filter  has  less  than  1%  overshoot  and  a  roll  off  of  about 
60  db/decade  as  indicated  In  the  response  curve  of  Fig.  35.  The  same 
type  of  filter  was  also  used  to  smooth  the  outputs  of  the  synchronous 
(and  dc  reset)  amplifiers  In  the  photometer  units  and  in  the  beam  current 
amplifier.  The  amplifiers  were  designed  to  provide  high-  and  low-gain 
outputs  which  differed  in  level  by  a  factor  of  ten. 
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Figure  34.  Active,  low-pass  filter  used  in  EBIL  system. 


Figure  35.  Frequency-response  characteristics  of  the  low-pass  filter 
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Several  photometric  channels  were  deemed  desirable  to  secure  the 
spectral  Information  of  interest.  The  possibility  of  using  a  single  col¬ 
lector  together  with  beam  splitters  In  order  to  effect  a  multi-channel 
Instrument  was  considered.  However,  the  Idea  was  discarded  In  favor  of 
the  use  of  an  array  of  photometers  which  were  variants  of  a  flight-proven 
design.  Two  factors  Influenced  the  choice:  ( i )  the  limited  developmental 
time  available  for  designing  and  fabricating  the  first  Instrument  and  (it) 
the  proven  reliability  of  the  photometers  after  which  the  flight  Instru¬ 
ments  were  patterned. 

The  photometers  were  completely  self-contained,  hermetically-sealed 
Instruments  designed  especially  for  operation  in  an  aerospace  environment. 
The  basic  photometric  system  was  built  around  selected  RCA-4516  photo¬ 
multiplier  optical  detectors  and,  In  addition  to  the  tube,  consisted  of 
a  well-regulated,  high-voltage  power  supply,  a  signal-conditioning  ampli¬ 
fier  with  associated  low-voltage  power  supply,  and  a  removable  optical 
head  which  contained  a  field  stop,  lens.  Interference  filter,  and  a  thin 
wedge  (prism)  of  glass  or  fused  silica.  The  RCA-4516  Is  a  3/4  -  Inch 
diameter,  10-stage,  head-on  photomultiplier  which  employs  a  bialkali 
photocathode.  The  tubes  feature  high  quantum  efficiency  In  the  blue  and 
near  ultraviolet  spectral  regions  (QE  =24*  @  4000  K)  and  low  dark  current. 

A  photograph  of  one  of  the  sealed  photometers  Is  shown  In  Fig.  36. 

The  overall  dimensions  of  the  Instrument  are  approximately  1.56  in.  x  3.68 
In.  x  12.4  In.  A  simplified  drawing  of  the  optical  system  used  to  couple  the 
source  to  the  detector  Is  presented  in  Fig.  37.  A  thin  wedge  (A)  turns 
the  center  line  of  the  Instrumental  field  of  view  (FOV)  through  an  angle 
0m  appropriate  for  viewing  the  beam  region  of  Interest.  The  wedges  are 
selected  for  each  of  the  Instruments  to  yield  a  common  point  of  Inter¬ 
section  of  the  FOV  center  lines  with  the  electron  beam  axis. 

A  portion  of  the  light  accepted  by  the  wedge  Is  passed  to  a  Fabry- 
Perot  type  Interference  filter  (B)  for  spectral  selection.  A  half-power 
bandwidth  of  about  10  8  was  typical  of  the  filters  which  were  used. 
(Transm1ss1on  curves  for  the  various  filters  used  in  the  two  EBIL  systems 
appear  in  the  appendices.)  A  plano-convex  lens  (C)  condenses  the  radiation 
from  the  filter  on  a  square  aperture  (D)  which  acts  as  a  field  stop.  The 
radiation  which  passes  through  the  field  stop  Is  then  Intercepted  by  the 


Figure  36.  Photograph  of  photometer. 


A  -  OPTICAL  WEDGE  D  -  FIELD  STOP 

B  -  INTERFERENCE  FILTER  E  -  PHOTOMULTIPLIER 
C  -  LENS 


Figure  37.  Simplified  drawing  of  the  photometer  optical  system. 
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777  k  ha,f-P°wer  "«>*  of  view  of  the  Instruments  were  de¬ 
termined  to  be  roughly  2-1nches  "square"  In  a  plane  normal  to  the  FOV 

1  [h  r  and  '°Cated  14'5  ,nChM  for  EBIL  system  geometry) 

zrzsz.  ‘  *"  -  -  « ...» .. 

,  In  **"  f,rst-9«nerat1on  EBIL  system,  the  photomultiplier  signal  was 
fed  to  a  dc-reset  amplifier,  a  variant  of  the  conventional  phase-s  sU  ve 
amplifier.  A  block  diagram  of  the  dc-reset  amplifier  Is  shown  In  Mg  3B 


^gure  38.  Block  diagram  of  the  DC-reset  amplifier. 
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approximately  zero  Hence,  in  principle  the  output  signal  should  not 
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reflect  contributions  from  tube  dark  current  and  from  other  sources  which, 
on  the  average,  contribute  equally  during  each  half  on  an  operating  cycle. 

The  output  of  the  amplifier  Is  then  smoothed  by  the  previously-mentioned 
low-pass  filter  (Figs.  34  and  35).  Two  signal  channels,  each  limited  at 
5  Volts,  were  provided  to  Increase  the  dynamic  range  of  the  system.  The 
level  of  the  signal  from  the  high-gain  channel  exceed  that  of  the  low-gain 
channel  by  approximately  a  factor  of  fifty.  If  one  assumes  a  lower  limit 
of  0.1  V  (-telemetry  noise)  for  useful  Information  on  the  high-gain  channel, 
then  the  total  dynamic  range  Is  seen  to  be  2,500. 

The  second-generation  system  employed  a  conventional  lock-in  amplifier 
for  processing  the  signal  Information  from  the  photomultiplier  tube.  The 
change  was  made  after  tests  revealed  the  superiority  of  the  lock-in  amplifier, 
as  compared  with  the  dc-reset  amplifier,  In  rejecting  asynchronous  background 
signals.  A  block  diagram  of  the  lock-in  amplifier  Is  shown  In  Fig.  39. 


Flugre  30.  Block  diagram  of  the  lock-in  amplifier. 


The  400-Hz  Input  signal  from  the  photomuUi oiler  was  amplified  by  a  band¬ 
pass  amplifier  of  appropriate  center  freque  cy  and  a  Q  of  about  15.  The 
amplified  signal  was  synchronously  rectified  and  then  filtered  by  the 
previously-mentioned  low-pass  filter.  In  the  high-gain  channel, the  low-pass 
filter  was  followed  by  a  X50  dc-ampllfler.  The  low  gain  output  was  tied 
directly  to  the  output  of  the  low-pass  filter. 

The  electron-gun  control  circuitry  for  the  two  systems  was  similar. 

In  the  first  system,  the  high  voltage  (2.5  kV)  for  the  electron  gun  was 
provided  by  a  commercial  dc-to-dc  converter  rated  at  20  watts.  Power  for 


the  electron  gun  heater  was  also  supplied  by  a  ccnwerclal  unit  rated  at 
7.5  Watts.  The  bias  voltages  for  the  control  grid  and  preaccelerator 
were  furnished  by  a  mercury  battery  and  an  auxllllary  power  supply •  re¬ 
spectively.  A  beam-current  regulator  was  added  during  the  final  stages 
of  preparing  the  first  payload.  The  regulator  sensed  the  cathode  current 
(or  a  proportional  voltage),  compared  It  with  a  reference  source,  and. 

If  required,  corrected  the  control -grid  voltage. 

The  second-generation  electron-gun  control  unit  employed  the  same 
type  of  heater  supply  as  that  used  In  the  first  unit.  However,  most  of 
the  remaining  control  circuitry  was  modified  to  permit  operation  of  the 
gun  at  average  beam-power  levels  of  up  to  125  Watts.  The  grid-drive 
circuitry  used  In  the  unit  Is  shown  In  simplified  form  In  Fig.  40.  A 


Figure  40.  Block  diagram  of  the  grid-drive  circuit  for  electron-gun 
(Aerobee  AO  3.910-1). 

reference  voltage  Is  switched  on  and  off  by  the  400  Hz  SYNC  signal  from 
the  SYNC  logic.  An  error  signal  Is  generated  at  the  sunning  junction 
when  the  output  voltage  of  the  anode-current  monitor  (output  voltage 
proportional  to  anode  current)  differs  from  the  reference  voltage.  The 
error  signal  Is  then  amplified  by  the  grid-drive  amplifier  and  applied 
to  the  control  grid.  The  action  of  the  loop  thus  tends  to  force  the 
error  signal  toward  zero.  The  grid  drive  Is  referenced  to  the  cathode 
(-2.5  kV)  and  Is  decoupled  from  the  SYNC  signal  source  by  means  of  an 
optical  Isolator.  This  feature  Is  necessary  since  the  SYNC  circuitry  Is 
referenced  to  the  telemetry  common. 
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The  preaccelerator  voltage  was  obtained  from  a  tap  on  the  "bleeder" 
of  the  high-voltage  supply.  The  necessity  of  using  a  tap  on  the  "bleeder", 
as  opposed  to  a  separate  supply,  arose  from  the  desirability  of  making  a 
"last-minute"  change  in  the  preaccelerator  voltage. 

In  addition  to  the  basic  components  of  the  first-generation  tDIL  system, 
the  second-generation  system  contained  an  in-flight  calibration  light  and  an 
inductive- type  current  monitor  which  was  mounted  close  to  the  anode  of  the 
electron  gun.  The  calibration  light  consisted  of  an  Amperex  Type  6977 
subminiature,  voltage-indicator  tube  together  with  appropriate  control 
circuitry.  The  control  circuit  (Fig.  41)  consists  of  an  Input  voltage 
regulator,  a  dc-to-dc  converter  (outputs  of  +70  V,  +1.25  V,  and  -3.0  V), 
and  a  transistor  switch  which  is  operated  by  the  CAL  SYNC  signal  from  the 
SYNC  DRIVE  unit.  The  CAL  SYNC  signal  is  normally  0  V.  However,  when  the 

70V  (PLATE) 

>«IZ5V(HEATER) 


min&i  I - of  OVtOAiO) 


CAL  SYNC  > 

Figure  41.  Block  diagram  of  control  circuit  for  calibration  light. 

electron  gun  is  periodically  turned  off  for  a  1.5-sec  interval,  the  CAL 
SYNC  signal  (0  5  V,  400  Hr.  square  wave)  then  switches  the  grid  voltage 

between  -3  V  and  0  V.  The  CAL  SYNC  signal  is  only  present  during  the 
first  half  of  each  1.5-sec  "gun-off"  period.  The  last  half  of  the  "gun- 
off"  period  Is  used  to  obtain  a  zero  reference  for  the  photometer  outputs. 

The  voltage  induced  In  the  current  monitor  coil  (Fig.  29)  by  the  chopped 
electron  beam  was  fed  to  a  phase-sensitive  amplifier  (Fig.  39).  The  low- 
gain  channel  was  designed  to  provide  a  responsivlty  of  0.1  V/mA,  whereas 
the  figure  for  the  high-gain  channel  was  1.0  V/mA.  The  responsivlty  figures 
are  expressed  in  terms  of  dc  output  voltage  per  unit  (mA)  of  average  beam 
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current  (excluding  any  dc  beam  component).  A  dc  component  to  the  beam, 
which  might  arise  from  Insufficient  control-grid  bias,  should  not  In 
principle  contribute  to  the  outputs  of  the  beam-current  amplifier  or  the 
photometers.  In  contrast,  the  Faraday-collector-type  beam  monitor  employed 
a  dc  amplifier  which  should  (and  did)  respond  to  a  dc  beam. 

During  the  operation  of  the  complete  payload  system,  a  periodic 
pulse  (with  a  period  of  about  14  sec  In  the  second-generation  system) 
was  supplied  by  the  Langmuir- pro be  circuitry  to  the  EBIL  system.  The 
pulse  was  fed  to  a  one-shot  multivibrator  In  the  SYNC  DRIVE  unit.  The 
ane-ahoi  provided  a  1.5-sec -wide  output  pulse  which  Inhibited  (clamped 
off;  the  SYNC  signal  to  the  electron  gun  grid  driver.  The  signal  from 
the  Ungmu1r  Probe  also  triggered  a  second  one-shot  which  controlled  the 
on-period  (0.75  sec)  of  the  calibration  source.  The  1.5-sec  "off  period" 
of  the  electron  gun  thus  permitted:  (i)  a  check  of  the  response  of  the 
photometers  to  the  calibration  light,  (ii)  a  zero  (base-line)  check  of 
the  photometer  outputs  during  the  last  half  of  the  "gun-off"  period,  and 

(m)  hopefully  an  unperturbed  measurement  of  the  ambient  electron  temp¬ 
erature  and  density  by  the  Langmuir  probe. 

The  Faraday  collector  In  the  first  system  consisted  of  a  6-1nch- 
dlameter.  copper-clad  disk  with  glass-epoxy  base.  The  copper  covering 
was  etched  to  provide  three  electrically  Isolated  collection  zones,  a 
central  two-inch-diameter  disk  and  two  concentric  annular  zones  each 
one-inch  wide.  The  collecting  areas  of  the  Inner,  middle  and  outer  zones 
were  (w/4),  (3*/4),  and  (5*/4)  sq.  In.  ,  respectively.  A  high-transparency, 
knitted-morel  mesh  was  mounted  In  front  of  the  collecting  surfaces.  The 
mesh  was  biased  approximately  50  V  negative  with  respect  to  the  collecting 
surfaces.  The  screen  effectively  acted  as  a  suppressor  grid  to  reduce 
the  probability  of  escape  of  secondary  electrons  generated  at  the  collect¬ 
ing  surfaces.  A  segmented  collector  was  Introduced  In  the  hope  that 
potentially  useful  Information  on  changes  In  beam  position  during  the 
actual  experiment  might  be  obtained. 

In  view  of  the  anticipated  beam-power  level  In  the  second-generation 
system  (up  to  125  Watts),  the  Faraday  collector  was  of  metal-ceramic  con¬ 
struction.  A  segmented  collector  was  again  used.  However,  four  thin, 
electrically-isolated  quadrants  of  stainless  steel  were  mounted  on  a 
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thin  ceramic  disk  to  form  a  circle  of  approximately  6-1nches  diameter.  It 
was  anticipated  that  this  configuration  of  collecting  zones  would  remove 
some  of  the  ambiguity  Inherent  In  the  first  design.  If  the  diameter  of 
the  beam  at  the  collector  were  as  anticipated  and  If  Its  current  density 
were  uniform,  It  would  be  possible  In  principle  to  approximate  both  the 
radial  displacement  of  the  beam  from  the  center  of  the  collector  and  Its 
azimuthal  position  from  the  observed  distribution  of  current  over  the 
four  quadrants.  In  practice,  several  factors  (such  as  the  secondary- 
electron  problem)  contribute  to  the  ambiguity  of  the  Interpretation.  Hence, 
care  must  be  exercised  If  quantitative  results  on  beam  position  are  desired. 

A  set  of  circuit  diagrams  covering  the  two  EBIL  systems  Is  Included 
In  the  appendices.  Features  of  the  systems  not  mentioned  above  Included 
temperature  and  high-voltage  monitors  for  each  of  the  photometers  and  for 
the  electron-gun  units.  Calibration  data  for  these  monitors  has  also  been 
Included  In  the  appendices. 
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PREFLIGHT  CALIBRATION  OF  ELECTRON-BEAM- INDUCED 
LUMINESCENCE  SYSTEMS 

The  responslvlty  of  the  photometers  may  be  defined  In  the  usual 
manner  as 

R  “  [V*[  *(*>  ^Ajdx]  *  (29) 

where  V0  Is  the  output  signal  voltage,  A  the  effective  collecting  area 
of  the  Instrument,  and  j"  H(\)  T[x)dx  the  effective  Irradlance  accepted 
by  the  detection  system.  (When  a  ^hase-rcnsltlve  detection  system  Is 
employed,  normally  the  rms  values  of  the  fundamental  components  of  the 
signal  yoltage  and  the  Incident  radiation  are  used  In  defining  the 
responslvlty.) 

Although  absolute  calibration  of  the  photometers  was  not  an 
essential  part  of  the  EBIL-system  calibration  procedure,  as  will  shortly 
be  discussed.  It  was  nevertheless  carried  out  In  an  attempt  to  evaluate 
the  performance  characteristics  of  the  photometers.  An  Electro-Optics 
Associates  Model  L-101  Spectral  Irradlance  Standard  (quartz-iodine  lamp) 
and  P-101  power  supply  were  used  In  the  calibration.  The  output  of  the 
lamp  was  chopped  mechanically  at  a  rate  of  either  350  Hz  (first  system) 
or  400  Hz  (second  system)  as  determined  by  a  Hewlett-Packard  Model  5321  A 
electronic  counter.  The  frequency  of  the  chopper  was  stabilized  hy 
regulating  the  Input  to  the  chopper  motor.  The  chopping  frequency  was 
monitored  continuously  during  calibration  and  was  adjusted  to  the  proper 
frequency  when  required.  The  output  of  the  first-generation  photometers, 
which  employed  dc-reset  amplifiers,  was  not  sensitive  to  reasonable 
variations  In  the  chopping  frequency;  however,  the  output  of  the  second- 
generation  Instruments  was  sensitive  to  the  chopping  frequency  *1nce 
they  employed  lock-in  amplifiers. 

The  light  source  was  placed  approximately  ten  feet  from  the  photo¬ 
meter,  which  was  positioned  so  that  the  source  was  In  the  center  of  the 
field  of  view.  Since  the  optical  wedges  turn  the  fields  of  view.  It 
was  necessary  to  adjust  each  Instrument  until  the  desired  condition  was 
realized.  Calibrated  neutral -density  filters  were  used  to  vary  the 
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Irradlance  at  the  photometer.  Account  was  taken  of  the  nonadditive  nature 
of  the  densities  which  occurs  when  two  or  more  filters  are  stacked  roughly 
parallel  to  each  other.  The  effect  of  * tacking  was  checked  by  tipping 
the  filters  so  that  the  reflections  passed  out  of  the  system.  The  Irradl¬ 
ance  levels  were  then  varied  over  the  dynamic  range  of  the  Instrument. 

In  carrying  out  the  calibration.  It  was  of  course  necessary  to  derive 
a  SYNC  signal  from  the  chopper.  This  was  done  photoelectrical ly  by  means 
of  a  small  Incandescent  light  *nd  a  photodiode  mounted  on  opposite  sides  of 
the  chopper  blade.  The  SYNC  signal  derived  from  the  photodiode  was  then 
fed  to  a  unit  which  provided  for  phase-and-symmetry  adjustnent.  (See  dis¬ 
cussion  relating  to  Fig.  32.)  The  output  of  this  unit  provided  the  SYNC 
Input  for  the  photometers.  In  operation,  the  phase  and  symmetry  were 
adjusted  to  realize  maximum  response  to  the  standard  lamp. 

Although  the  photometers  were  designed  to  view  an  object  approximately 
14-Inches  distant,  computations  revealed  that  with  the  standard  lamp  10-ft 
away  the  cone  of  light  from  the  collector  should  still  pass  through  the 
field  stop  without  obscuration.  Responslvlty  data  were  then  determined 
by  noting  the  response  of  the  Instrument  to  various  levels  of  Irradlance. 
The  slope  of  the  resulting  curve  (straight  line)  was  taken  to  be  the  re¬ 
sponslvlty.  A  summary  of  the  results  Is  presented  In  the  appendices. 

The  fields  of  view  of  the  Instruments  were  also  checked.  A  ground- 
glass  plate  was  covered  with  an  opaque  mask  containing  a  pinhole  aperture. 
The  chopped  radiation  from  the  standard  laii.p  was  then  used  to  Illuminate 
the  pinhole  thus  effecting  a  modulated  point  source.  The  fleld-of-vlew 
data  were  then  obtained  by  means  of  a  rotating  table  which  permitted  con¬ 
trolled  rotation  of  the  photometer  about  an  axis  through  the  collecting 
lens.  The  results  were  checked  by  means  of  an  Independent  system  built 
around  one  of  the  Amperex  6977  light  sources.  Typical  FOV  results  are 
presented  In  the  appendices. 

The  EBIL  section  of  each  of  the  payloads  was  demountable.  (See 
Figs.  11,  12,  15,  and  16.)  This  feature  served  a  two-fold  purpose:  (i) 
it  permlted  calibration  of  the  EBIL  system  In  a  somewhat  smaller  vacuum 
chamber  than  would  have  been  required  to  accomodate  the  entire  payload 
and  ( H )  It  permitted  calibration  to  be  carried  out  while  preserving  the 
EBIL-system  geometry  appropriate  to  the  flight. 
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The  calibration  tests  were  conducted  using  an  0.8-meter-dlameter 
vacuum  chamber  at  AFCRL.  The  chamber  was  evacuated  by  an  NRC  HS32-32.000 
oil  diffusion  pump  backed  by  a  Kinney  KMBD-1600/KDH-150  booster  and  fore¬ 
pump  combination.  The  oil  diffusion  pump  was  capped  by  a  llquld-nltrogen- 
cooled  baffle  which  served  as  the  pumping  throat  for  the  vacuum  chamber. 
During  the  calibration  of  the  first  EBIl  system  the  background  pressure 
In  the  chamber  dropped  as  low  as  =7  x  10“7  Torr  after  several  hours  of 
pumping;  however,  the  background  (base)  pressure  during  the  calibration 
of  the  second  system  did  not  drop  below  about  2-3  x  10“6  Torr. 

In  effecting  a  calibration,  the  responses  of  the  photometers  to 
beam-excited  emissions  were  recorded  over  a  range  ?*f  target  pressures. 

Most  of  the  measurements  wer«:  made  using  targets  of  pure  N2  and  air  In 
the  case  of  the  first  system.  The  targets  used  In  calibrating  the  second 
payload  Included  pure  N2,  air,  pure  CO2,  and  C02-N2  mixtures.  The 
tests  were  conducted  with  room- temperature  (:294UK)  targets  since  the 
facilities  were  not  designed  to  permit  control  of  the  gas  temperature. 

In  the  Initial  calibration  efforts,  toe  outputs  of  the  photometers 
and  two  of  the  three  Faraday  collector  amplifiers  were  simultaneously 
recorded  on  a  vlslccder  as  the  target  pressure  was  varied  stepwise  over 
the  range  from  10-6  to  nearly  10*3  Torr.  Subsequently,  more  accurate 
measurements  of  signal  levels  were  obtained  through  the  use  of  calibrated 
digital  voltmeters.  Target  chamber  pressures  were  Initially  monitored  by 
means  of  an  NRC  Bayard-Alpert  type  Ionization  gauge.  Most  of  the  sub¬ 
sequent  pressure  measurements  were  carried  out  with  both  the  lonlzatlor. 
gauge  and  an  MKS  Instruments  capacitance  manometer  which  had  been  cali¬ 
brated  against  a  McLeod  gauge. 

The  results  of  one  of  the  first  calibration  runs  (first  payload) 
are  shewn  In  Fig.  42.  The  average  collector  current  was  about  2.5  mA. 

The  data  points  above  8  x  10" 6  Torr  have  been  corrected  for  a  slight 
change  in  beam  current.  It  Is  of  Interest  to  note  that  the  photometer 
outputs  appear  to  be  linear  with  N2  pressure  for  fixed  beam  current  and 
that  extrapolation  of  each  of  the  linear  response  curves  to  zero  pressure 
yields  a  non-zero  Intercept.  The  slope  of  the  Instrument  response 
curve  for  the  rather  weak  N2+  IN  (2,4)  band  Is  hardly  dlscernable  In  the 
figure.  Measurements  extending  upward  to  4  x  10"4  Torr  yielded  the  value 
of  the  slope  of  the  response  curve  associated  with  this  band. 


Figure  42.  Response  of  photometers  to  electron-beam- induced  emissions  —  Aerobee  AO  3.006-1. 
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The  tech  ique  which  was  envisioned  for  determining  atmospheric  N2 
vibrational  temperatures  entailed  a  comparison  of  selected  signal  ratios 
obtained  from  the  flight  record  with  the  corresponding  ratios  obtained 
during  laboratory  calibration  of  the  EBIL  system.  The  Inability  t»  vary 
the  N2  vibrational  temperature  during  calibration  necessitated  normal  1 
zatlon  of  the  flight,  ratios  (corrected)  by  the  values  observed  with  a 
vlbratlonally-cool  (=294°K)  target.  The  resulting  ratios,  e.g.  2)/ 

^(  0 » 1 ) ^ flight  /fl/(i,2)/l/(o,i)JLAB  when  Pr°Perly  corrected  for  background, 
for  effects  associated  with  changes  In  the  rotational  structure  of  the 

bands,  and  for  possible  contamination  by  other  spectral  features  could 
then  be  compared  with  the  predicted  variation  with  vibrational  tempera¬ 
ture  (Fig.  6).  Assuming  the  validity  of  the  "transfer  curve"  (See  dis¬ 
cussion  on  pg.  18),  one  could  then  read  from  the  curve  the  vibrational 
temperature  corresponding  to  the  observed  departure  from  unity. 

Initial  calibration  ratios  of  about  0.36,  0.29,  and  0.0083  were 
obtained  for  (0,2)/(0,l),  (1,2)/(0,1),  and  (2,4)/(0,l),  respectively. 

Subsequent  tests  led  to  Improved  values  of  0.23  and  0.0075  for  the  latter 
ratios. 

Some  attention  was  also  given  to  the  change  In  signal  ratios  with 
beam  deflection.  Deflection  plates  were  mounted  close  to  the  anode  of 
the  electron  gun,  and  photometer  and  beam  collector  readings  were  re¬ 
corded  for  several  sets  of  deflection-plate  voltages.  Readings  were  taken 
at  base  pressure  and  with  a  pure  N2  target  of  about  5  x  10~5  Torr,  the 
highest  pressure  which  would  permit  arc-free  operation  of  the  deflection 
plates.  Analysis  of  the  results  led  to  the  following  observations:  (i) 
the  photometer  outputs  were  relatively  Insensitive  to  beam  deflection  at 
base  pressure,  and  (U)  although  the  photometer  outputs  were  more  sensi¬ 
tive  to  beam  deflection  at  an  N2  pressure  of  5  x  10-5  Torr  (changing  by 
as  much  as  25%),  the  output  ratios  In  general  exhibited  less  Inan  10% 
change  as  the  beam  was  deflected  over  a  relatively  wide  range.  The  con¬ 
stancy  of  the  (1, 2M0, 2)  ratio  was  particularly  noteworthy  since  It  varied 
by  a  maximum  of  less  than  4%  for  the  deflection  voltages  which  were  used. 

The  zero-pressure  Intercepts  In  Fig.  42  suggest  a  pressure-indepen- 
dent  contribution  to  the  total  photometer  signal.  Luminescence  produced 
within  the  vacuum  chamber  was  visible  even  at  the  lowest  pressures  where 
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end ss Ions  from  the  beam  region  could  not  be  seen.  The  precise  source  of 
the  background  signals  was  not  Inwedlately  Identified,  and.  Indeed,  a 
positive  Identification  has  not  yet  been  made,  although  several  related 
tests  have  been  carried  out.  The  flight  data  also  exhibited  a  background 
signal.  However,  the  Information  which  Is  presently  available  does  not 
suggest  that  the  backgrounds  necessarily  arise  from  the  same  source. 

The  calibration  procedure  for  the  second  CBIL  system  paralleled  that 
of  the  first.  In  view  of  the  Interest  In  Including  an  Instrument  for  fCO-1 
measurements,  the  calibration  procedure  entailed  the  use  of  several  gases 
and  gas  mixtures.  It  also  proved  desirable  to  use  a  quadruple  mass  spectro 
meter  for  analysis  of  the  target  composition.  Figure  43  presents  some  of 
the  calibration  data  for  the  second  EBIL  system. 
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Figure  43.  Response  of  photometers  to  electron-beam-i 
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GROUND  SUPPORT  FOR  AND  PERFORMANCE  OF 
AER08EES  I  AND  II. 

The  first  EBIL  system  and  supporting  Instrumentation  were  launched 
aboard  Aerobee  I  from  the  Churchill  Research  Range,  Fort  Churchill,  Man¬ 
itoba,  Canada,  at  approximately  06:18:25  GMT  on  13  March  1970.  The  rocket 
reached  an  apogee  of  206.3  km  at  roughly  T  +  243  sec.  Magnetometer  re¬ 
cords  Indicate  that  the  payload  was  stable.  The  spin  period  of  the  rocket 
was  about  0.4  sec  after  completion  of  boom  erection  and  other  mechanical 
functions,  as  evidenced  by  spin  modulation  of  the  data.  A  precesslonal 
period  of  about  50  sec  was  also  Inferred  from  the  flight  information.  The 
housekeeping  commutator  record  Indicated  that  all  mechanical  and  electrical 
funct  ons  were  accomplished  as  scheduled.  A  curve  of  altitude  versus  time 
Is  presented  In  rig.  44. 

In  aJJiclon  to  radar  tracking,  the  Churchill  Range  provided  optical 
ground  support  Instrumentation  consisting  of  an  all-sky  camera,  photometers, 
and  a  scanning  spectrometer  to  aid  In  determining  auroral  conditions  during 
the  flight.  The  all -sky-camera  photographs  shown  In  Figs.  45  through  47 
were  obtained  from  a  70  mn  f/1.0  camera  which  provided  a  150°  field  of  view. 
Two-second  exposures  were  taken  every  5  seconds.  The  photographs  reproduced 
In  the  figures  have  been  selected  to  Include  a  couple  of  frames  near  the 
time  of  lift  off  and  every  third  or  fourth  frame  through  the  significant 
portions  of  the  remainder  of  the  flight.  The  photographs  were  taken  from 
Twin  Lakes  and  have  an  Indicated  azimuth  of  156.6°  and  an  elevation  of  55.0° 
which  correspond  to  the  predicted  vehicle  position  at  100-km  altitude  on 
the  down  leg.  All  of  the  other  groui'd-based  optical  Instruments  were  aimed 
toward  the  above  point  during  the  flight. 

The  all  sky  camera  photographs  Indicate  that  the  rocket  passed  through 
some  relatively  Intense  auroral  activity  during  ascent  up  to  the  time  the 
electron  gun  was  opened.  During  the  remainder  of  the  flight  somewhat  loss 
Intense  auroral  conditions  prevailed. 

During  the  flight  of  Aerobee  I  four  ground-based  photometers  were 
used  to  measure  the  auroral  Intensity  at  a  point  having  an  elevation  of 
48.3°  and  an  azimuth  of  154.3°  from  the  Lhurchlll  Auroral  Observatory. 

This  point  corresponds  to  the  predicted  vehicle  position  at  an  altitude 
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of  115-km  on  the  down  leg  of  the  flight.  The  four  photometers  measured 
the  Intensity  of  emissions  at  wavelengths  x  4236  8,  5577  8,  3914  8,  and 
6300  8.  Each  photometer  had  a  field  of  view  of  2°.  A  spectrometer 
scanning  from  3950  8  to  6600  8  having  a  spectral  slit  width  of  15.8  8 
provided  a  measurement  of  auroral  intensities  of  the  5577.  6300.  and 
6364  8  lines.  Rlometer  and  ionosonde  support  measurements  were  also 
provided  by  the  range. 

Aerobee  II  was  launched  from  White  Sands  Missile  Range  at  20 : 31 i 07 
MDT  on  15  October  1971.  Onboard  monitors  indicated  a  normal,  stable 
flight  with  all  electrical  and  mechanical  functions  operating  as  designed. 
An  apogee  of  214.0  km  was  reached  at  approximately  T  +  246  sec.  Radar 
tracking  yielded  the  altltude-versus-time  curve  shown  in  Fig.  48.  The 
spin  period  of  the  rocket  during  the  data-taking  portion  of  the  flight 
was  approximately  0.63  sec. 

Both  payloads  were  recovered  by  parachute.  Damage  to  the  Instru- 
mentati rn  was  not  severe  in  either  case;  however.  In  both  instances,  the 
booms  were  destroyed. 


Figure  48.  Altitude  versus  time  after  launch  for  Aerobee  A03.910-1 
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OBSERVATIONS  AND  RELATED  DISCUSSION 

Aerobee  I  w?s  launched  into  a  relatively  intense  auroral  display. 

Some  of  the  onboard  instrumentation,  a',  well  as  some  of  the  ground-based 
instruments,  were  used  to  provide  information  on  the  nature  of  the  event. 

Data  obtained  from  the  support  instrumentation  will  be  presented  first. 

This  discussion  will  be  followed  by  a  summary  of  the  results  obtained 

with  the  EBIL  system.  g  o 

The  time  history  of  the  auroral  intensity  in  the  x  3914  A,  4236  A, 

5577  8,  and  6300  8  features  as  measured  from  the  ground  is  shown  in  Fig. 

49.  Each  of  the  photometers  had  a  2°  conical  field  of  view  and  was 
directed  toward  a  point  having  an  elevation  of  48.3°  and  an  azimuth  of 
154.3°  from  the  Churchill  Auroral  Observatory,  as  mentioned  earlier. 

This  position  corresponded  to  the  100-km  level  on  the  down-leg  of  the 
anticipated  trajectory.  For  the  view  angles  previously  specified,  the 
intensity  in  x  5577  8  did  not  exceed  about  16.5  kR  during  the  flight 
period.  The  Intensity  ratio  I (5577)/I (3914)  is  of  fundamental  importance. 
The  data  of  Fig.  49  indicate  a  variable  ratio  during  the  flight  with 
values  lying  between  the  limits  of  0.6  and  1.6.  Rees  (1959)  was  led  to 
the  conclusion  that  [I ( 5577)/ I (3914) ]  =2.0  with  little  variation;  however, 
several  observations  which  contradict  this  conclusion  have  been  reported 
[Romick  and  Belon  (1967);  Murcray  (1969);  Brekke  and  Omholt  (1968)]. 

Val lance  Jones  (1971)  suggests  continued  use  of  2.0  as  an  average  value 
for  the  ratio.  The  Intensity  ratio  I (4236)/I (3914 )  remained  roughly 
constant  during  the  flight  at  a  value  of  about  3  x  10"2.  Vallance  Jones 
(1971)  suggests  a  value  of  3.8  x  10"2  for  this  ratio  in  a  normal  IBC  3 

aurora. 

The  results  obtained  from  the  rocket-borne,  vertically-viewing 
auroral  photometers  (x  3914  8  and  5577  8)  are  presented  in  Fig.  50.  The 
trajectory  data  were  used  to  reduce  the  flight  records  to  emission  profiles. 
The  data  indicate  that  the  vehicle  entered  a  relatively  intense  auroral 
form  as  it  was  breaking  up.  Both  spatial  and  temporal  variations  are 
inferred  from  the  photometer  data  indicating  that  the  auroral  form  was 
changing  in  position  and/or  intensity  as  the  vehicle  passed  through  the 

active  region. 


EMISSION  PROFILE 
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The  Langmuir  probes  aboard  Aerobees  I  and  II  were  Included  for  the 
primary  purpose  of  measuring  electron  temperature  and  secondarily  for 
measuring  relative  electron  density  and  vehicle  potential. 

During  the  payload  checkout  for  Aerobee  I,  It  was  noted  that  the 
Langmuir  probe  was  receiving  Interference  from  the  VHF  telemetry  trans¬ 
mitter.  The  Interference  effect  was  seen  as  a  DC  low-current  offset 
produced  by  rectification  of  the  rf  pick  up  by  the  Langmuir  probe  circuitry. 
To  minimize  the  interference,  the  payload  was  rotated  approximately  90° 
with  respect  to  the  telemetry  transmitter  section.  The  Langmulr-probe 
sensor  was  thereby  positioned  In  a  relative  null  In  the  near  field  trans¬ 
mitter  radiation  pattern.  Although  the  effects  of  the  rf  Interference 
were  evident  In  the  flight  data,  they  were  not  serious  enough  to  prevent 
data  analysis. 

The  results  of  the  temperature  analysis  of  the  Aerobee  I  Langmulr- 
probe  data  are  shown  In  Fig.  51.  Each  of  the  plotted  points  represents 
the  temperature  from  either  the  leading  or  trailing  edge  of  the  sweep 
waveform  as  a  function  of  altitude.  The  small  crosses  are  from  the  lead¬ 
ing  edge  of  a  sweep  and  the  diamonds  are  from  the  trailing  edges.  The 
data  Indicate  that  the  electron  temperature  was  significantly  elevated 
with  respect  to  that  of  the  normal  nighttime  quiet  Ionosphere.  The  temp¬ 
erature  at  200  km  was  approximately  2000°K. 

The  vehicle-potential  data  for  Aerobee  I,  shown  In  Fig.  52,  Indicate 
that  the  vehicle  was  negative  at  low  altitudes  but  became  less  negative 
with  Increasing  altitude,  apparently  owing  to  loss  of  electrons  from  the 
EBIL  system.  Finally,  at  an  altitude  near  apogee,  the  vehicle  potential 
became  positive,  thus  preventing  additional  measurements  by  the  Langmuir 
probe. 

Figure  53  shows  the  Langmuir  probe  sensor  current  profile  obtained  from 
the  flight  record  of  Aerobee  I.  The  current  profile  can  essentially  be 
linearly  related  to  electron  density  either  from  the  sensor  geometry  and 
theoretical  calculations,  or  It  may  be  effectively  normalized  by  means  of 
an  Independent  measurement  of  electron  density  such  as  may  be  obtained 
from  an  lonosonde  or  rf  probe.  Experience  has  shown  that  the  calibration 
from  another  Independent  measurement  yields  the  most  reasonable  and 
consistent  absolute  electron  density  Information. 


Electron  temperature  results  from  the  flight  of  Aerobee  AO  3.006-1 


Figure  53.  Langmuir  probe  sensor  current  profile  —  Aerobee 


104 


In  as  much  as  the  auroral  activity  and  energy  Input  to  the  Ionosphere 
on  the  up-leg  portion  of  the  flight  were  exceptionally  high,  the  electron 
density  was  sufficient  to  saturate  the  Langmulr-probe  amplifier.  The 
saturation  Is  evidenced  by  the  nearly  vertical  section  of  the  curve  (Fig. 
53)  corresponding  to  a  current  of  about  3  x  10"5  amp.  The  dashed  curve 
represents  the  "best  guess"  at  the  electron  density  profile  during  active 
auroral  conditions. 

The  Langmulr-probe  data  from  Aerobee  II  has  presented  some  unusual 
problems.  A  segment  of  the  oscillograph  record  from  this  flight  Is  shown 
In  Fig.  54.  The  upper  trace  represents  a  monitor  of  the  sweep  voltage 


Flqure  54.  Segment  of  Langmulr-probe  record  from  the  flight  of  Aerobee 
AO  3.910-1.  (Upper  trace  —  sweep  voltage;  lower  trace  —  logarithm 

of  sensor  current). 


applied  to  the  sensor  during  the  1.5-sec  "off  Interval"  of  the  electron 
gun.  The  particular  sweep  shown  was  taken  from  a  portion  of  the  flight 
just  shortly  after  apogee.  The  lower  trace  shown  In  the  figure  Is  the 
logarithm  of  the  sensor  current.  Ideally,  during  the  period  of  time  that 
that  sweep  voltage  Is  negative  with  respect  to  the  plasma  potential,  the 
probe  output  should  be  changing  linearly  with  time  thus  producing  a  straight 
line  the  slope  of  which  can  be  directly  related  to  electron  temperature.  How' 
ever,  the  only  straight-line  segments  In  the  sweep  which  Is  Illustrated 
correspond  to  unreasonably  low  electron  temperatures  (far  lower  than  the 
lowest  anticipated  gas-kinetic  temperature).  Another  disturbing  charac¬ 
teristic  of  the  Aerobee  II  Langmulr-probe  data  Is  that  the  vehicle  potential 


was  several  volts  negative.  This  observation  Is  very  surprising  In  view 
of  the  presence  of  the  high-current  electron  gun  In  the  system.  Further¬ 
more,  by  comparing  the  vehicle  potential  from  leading  and  trailing  edges 
of  a  sweep,  the  vehicle  potential  rapidly  (In  the  order  of  several  volts/ 
sec)  becomes  more  positive  with  Increasing  time  from  when  the  electron  gun 
was  turned  off.  It  appears  that  the  effect  of  the  electron  gun  on  vehicle 
potential  Is  not  simple  and  that  the  large  and  transient  nature  of  the 
vehicle  potential  following  cessation  of  operation  of  the  electron  gun 

prevents  normal  operation  of  the  Langmuir  probe. 

In  view  of  these  complications,  one  might  wonder  why  the  Langmulr- 
probe  data  from  Aerobee  I  did  not  exhibit  similar  effects.  This  question 
has  prompted  a  re-examination  of  the  Aerobee  I  data.  Interestingly, 
there  were  portions  of  the  flight  record  showing  two  distinct  linear 
regions  In  the  sensor-current  record,  one  corresponding  to  a  very  low 
temperature.  In  addition,  the  vehicle-potential  data  of  Fig.  52  reveal 
that  the  vehicle  potential  was  changing  between  the  times  of  leading 
and  trailing  edges  of  a  sweep.  The  temperature  results  obtained  from  the 
leading  and  trailing  edges  also  differ  with  the  trailing  edges  consistently 
yielding  larger  temperatures.  It  should  be  noted  that  two  possibly 
significant  differences  existed  between  the  Langmuir  probe  operating  con¬ 
ditions  on  the  flights:  (i)  a  somewhat  higher  electron-beam  current  was 
used  during  the  second  flight  and  (ti)  the  ambient  electron  temperature 

and  density  were  much  higher  during  the  first  flight. 

The  particle  counter  aboard  Aerobee  I  was  used  to  provide  a  measure¬ 
ment  of  the  spectral  distribution  of  the  Incident  energetic  electron  flux 
producing  the  aurora.  All  data  channels  from  the  three  gelger  tubes  and 
one  curved-channel  electron  multiplier  operated  essentially  normally. 

The  data  from  these  four  channels  are  shown  In  Fig.  55—58  and  correspond 
to  lower  cutoff  energies  of  6.5,  17,  42,  and  90  keV,  respectively.  In 
each  case  the  actual  count  rate  has  been  converted  to  carry  the  dimensions 
of  electrons  cm-2sec_1ster“1.  In  compa’  ing  the  above  count  rates  with  the 
auroral  activity  shown  In  the^ll -sky-camera  p*-otographs  and  particularly 
with  the  outputs  of  the  3914  A  and  5577  &  vertically-viewing  photometers. 
It  appears  that  a  major  burst  of  electrons  precipitated  Into  the  atmos¬ 
phere  while  the  vehicle  was  at  an  altitude  of  about  97  km  at  approximately 


SECONDS  AFTER  LAUNCH 

Figure  55.  Energetic  particle  counter  data  from  Aerobee  AO  3.006-1  —  Channel  No 


Energetic  particle  counter 
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Figure  57.  Energetic  particle  counter  data  from  Aerobee  AO  3.006-1 
Channel  No.  3  (E  >  42  keV). 
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Figure  58.  Energetic  particle  counter  data  from  Aerobee  AO  3.006-1 
Channel  No.  4  (E  *  90  keV). 


no 


T  +  88  sec.  The  Increase  In  auroral  Intensity  correlates  with  an  Increase 
In  particle  counter  count  rate  shown  In  all  gelger  channels  (the  H.V.  to 
the  channel tron  had  not  yet  been  turned  on).  Using  the  amount  of  absorp¬ 
tion  In  the  atmosphere  for  particles  to  penetrate  to  the  appropriate 
vehicle  altitude.  It  Is  estimated  that  the  energy  input  to  the  aurora  was 

In  the  order  of  a  few  tens  of  ergs  cm“2sec_1. 

As  the  payload  ascended,  both  spatial  and  temporal  variations  are 
seen  In  the  count  rates.  At  approximately  T  +  119  sec,  when  the  vehicle 
was  at  about  134  km,  the  particle  counters  recorded  another  burst  of  electrons, 
the  effects  of  which  were  also  seen  In  the  vertically-viewing  photometers. 

It  should  be  noted  that  the  gelger  tube  having  a  17-keV-threshold  window 
failed  to  count  this  burst  of  electrons.  The  count  rate  dropped  very  low 
and  Is  not  shown  In  Fig.  56.  Very  little  structure  appears  In  the  output 
of  the  17-keV  gelger  tube  for  a  period  of  approximately  40  sec  following 
the  "drop  out";  whereas,  the  outputs  of  the  other  channels  show  very  high 
count  rates  and  significant  structure  during  this  period.  The  lack  of 
structure  In  the  output  and  "drop  out"  at  high  flux  levels  Is  attributed 
to  deterioration  of  the  resolvlng-tlme  In  the  gelger  tube.  Although  all  of 
the  gelger  tubes  were  checked  at  high  flux  levels  before  Installation  In 
the  Instrument,  a  post-flight  check  revealed  that  the  resolving  time  for  the 
17-keV  gelger  tube  had  seriously  deteriorated  and  was  significantly  poorer 
than  at  the  time  of  the  flight. 

In  view  of  the  difficulty  with  the  17-keV  channel,  the  remaining  channels 
were  used  to  estimate  the  spectral  shape  of  the  electron  energy  distribu¬ 
tion.  Although  the  energy  resolution  of  such  a  system  Is  very  poor,  It 
appears  that  the  measurements  are  consistent  with  an  exponential  electron 
energy  distribution  having  an  e-foldlng  value  of  approximately  3  keVe  with  a 
high  energy  tail  hablng  an  e-folding  value  of  «  25  keV. 

The  telemetry  records  from  the  flight  of  Aerobee  I  revealed  that  the  EBIl 
system  performed  nearly  as  intended.  The  Type  EE-65  tube  opened  at  140  km  on 
ascent  yielding  a  6.2-mA  electron  beam  as  determined  from  the  total  response  of 
the  Faraday  collector  (Ibea/p  *  l  K).  The  beam-current  measurements  are  sum¬ 
marized  in  Fig.  59.  %  1 

Shortly  before  the  vehicle  reached  apogee,  the  output  of  the  monitor 
circuit  for  collector  segment  1 3  (Fig.  59)  suddenly  increased  to  the  zener- 
diode-limited  value  and  remained  there  through  loss  of  telemetry  signa"  at 


AVERAGE  BEAM  CURRENT  (MA) 


ALTITUDE  (KM) 


Figure  59.  Summary  of  beam  current  supplied  by  Type  EE-65  during  the 
flight  of  Aerobee  AO  3.006-1. 
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about  75  km.^  During  the  period  when  all  three  monitors  were  operating,  the 
sum  ^eam  “.z  r«»fned  essentially  constant  at  6.2  nA,  even  though 
variations  In  the  Individual  monitor  outputs  did  occur.  The  data  ob¬ 
tained  prior  to  the  failure  of  monitor  I3  suggest  that  the  total  beam  cur¬ 
rent  probably  remained  constant  at  6.2  mA  until  relatively  severe  polslon- 
Ing  of  the  oxide-coated  cathode  occurred  near  107  km.  Below  this  altitude, 
the  beam-current  regulator  was  no  longer  capable  of  compensating  for  the 
degradation  In  cathcde  emission. 

A  portion  of  the  data  record  from  the  downleg  of  the  flight  Is  shown 
In  Fig.  60.  Two  effects  are  apparent  from  the  record:. (i)  both  the  photo¬ 
meter  and  current  monitor  outputs  exhibit  a  2.5-Hz  spin  modulation,  and 
(ii)  the  N2+ IN  (0,1),  (0,2)  and  (1,2)  outputs  tend  toward  constant  values 
above  roughly  140  km.  It  Is  also  seen  that  the  N2+  IN  (2,4)  output  does  not 
appear  to  change  significantly  over  the  altitude  range  of  the  figure. 

The  well-defined  phase  relationship  between  changes  In  beam-current 
distribution  and  changes  In  the  photometer  outputs  tends  to  confirm  the 
prefllght  observations  (pg.  89)  that  the  photometer  outputs  are  affected 
by  changes  In  beam  position.  However,  also  In  accord  with  prefllght  ob¬ 
servations,  the  signal  ratios  are  relatively  Insensitive  to  the  point 
during  the  spin  cycle  at  which  the  ratio  Is  computed.  The  modulation 
depth  of  each  of  the  photometer  signals  Is  similar,  and  ratios  computed 
at  the  maxima  and  minima  exhibit  a  rather  small  spread. 

The  modulation  depth  was  observed  to  vary  with  the  precesslonal  motion 
(coning)  of  the  vehicle  spin  axis,  as  evidenced  by  a  50-sec  periodicity  In 
the  modulation  envelope.  (This  Interpretation  Is  also  supported  by  the 
data  from  the  payload  magnetometer.)  As  the  rocket  spin  axis  approached 
alignment  with  the  B  field  of  the  earth  (e.g.,  at  about  T  +  362  sec.  In 
Fig.  60),  the  spin  modulation  was  minimized  owing  to  the  nearly  constant 
angle  between  v&  and  B  (pg.  35)  during  the  spin  cycle.  This  condition 
results  in  maximum  beam  deflection  with  minimum  beam  excursion  during  the 
spin  cycle. 

The  photometer  outputs  have  been  averaged  over  one-second  Intervals 
(approximately  2.5  spin  cycles)  In  order  to  Improve  the  slgnal-to-noise 
ratios  and  to  reduce  the  effects  of  spin  modulation.  Results  obtained 
from  the  data  record  for  the  N2+ IN  (0,1)  Instrument  are  shown  In  Fig.  61. 
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Figure  61.  Record  of  the  output  signal  of  the  N2+  IN  (0,1) 
instrument  during  the  flight  of  Aerobee  AO  3.006-1.  (Each 
data  point  in  the  figure  represents  the  average  signal  during 
a  one-second  interval  of  the  flight  record). 
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The  previously  mentioned  background  signal ,  which  was  apparent  In  the 
case  of  the  N2+1N  (2,4)  output  at  the  altitudes  of  Fig.  60,  Is  more  ap¬ 
parent  near  apogee  In  the  case  of  the  N2+1N  (0,1)  measurement.  It  Is 
also  seen  from  Fig.  61  that  on  upleg— downleg  disparity  In  the  absolute 
output  at  a  given  altitude  occurs. 

The  source  of  the  background  signals  (Fig.  60)  Is  not  well  defined 
at  present;  however.  It  may  be  the  result  of  electron-impact-induced 
luminescence  of  some  surface  [e.g.,  the  outer  surface  of  the  optical 
wedge  (A  In  Fig.  37)]  within  the  fields  of  view  of  the  photometers.  A 
similar  situation  was  encountered  In  the  prefllght  calibration  of  the 
EBIL  system  where  background  signals  (Fig.  42)  were  present  on  all  of  the 
Instruments. 

Post-flight  tests  of  an  electron  beam  collector  similar  to  the  one 
used  during  the  first  flight  suggested  that  a  significant  number  of 
secondary  (and  backscattered)  electrons  are  generated  at  the  collecting 
surfaces  and  at  the  suppressor  screen.  The  "secondary  electrons"  pro¬ 
duced  a  visible  glow  at  the  walls  of  the  vacuum  chamber  used  for  Instru¬ 
ment  calibration.  The  pattern  and  Intensity  of  the  wall  fluorescence 
could  be  easily  and  dramatically  altered  by  moving  a  small  permanent 
magnet  over  the  exterior  surface  of  the  vacuum  chamber,  In  accord  with 
the  secondary-electron  hypothesis.  A  comparison  of  the  output  current 
of  the  electron  gun,  as  measured  by  an  Inductive- type  monitor  mounted 
near  the  anode  of  the  electron  gun,  with  the  Faraday  collector  reading 
revealed  a  difference  comnensurate  with  the  measured  optical  transparency 
of  the  suppressor  screen. 

Additional  consideration  has  been  given  to  both  the  background  sig¬ 
nal  and  the  upleg-downleg  disparities;  however,  the  stated  purpose  of 
this  report  precludes  a  detailed  exposition  on  the  results  of  the  two 
flights,  as  these  will  be  reported  elsewhere.  Preliminary  results  from 
the  first  flight  have  previously  been  reported  (O'Neil,  Hart,  and  Pendle¬ 
ton,  1971;  O’Neil,  Pendleton,  Hart,  and  Stair;  1971).  Submission  of  a 
final  report  of  the  findings  to  an  aeronomy-related  journal  is  planned 
for  the  near  future.  A  preliminary  report  of  some  of  the  results  from 
the  second  flight  have  been  submitted  for  possible  presentation  at  the 
May,  1972  COSPAR  meeting  scheduled  for  Madrid,  Spain  (O’Neil  and  Pendle¬ 
ton,  1972). 


116 


The  basic  EBIL-related  results  from  the  first  flight  are  summarized  In 
Figs.  62-64.  The  quantity  A*  of  Fig.  62  [and  similarly  for  A*  of  Fig.  63]  Is 
the  corrected  ratio  [v(1,2)/^(0,1)]flight/[k(1,2)/1'(0,1)]lab.  where  v(l,2)  and 
y(0,l)  represent  the  corrected  output  signals  of  the  N2+ IN  (1,2)  and  (0,1)  Instru¬ 
ments,  respectively.  The  output  signals,  averaged  over  one-second  Intervals, 
were  corrected  for  the  aforementioned  background  signal,  for  changes  In 
effective  optical -system  transmission  of  the  band  radiation  due  to  alti¬ 
tude-correlated  changes  In  the  rotational  temperature,  and  for  blending 
at  higher  rotational  temperatures  of  the  rotational  structure  of  adjacent 
bands  In  a  sequence. 

The  appropriate  corrections  for  the  background  signal  were  estimated 
at  or  near  apogee.  Allowance  was  made  for  the  N2+  IN  component  of  the  total 
signal  through  estimates  based  on  the  prefllght  calibration  results  and 
model  atmosphere  (CIRA  1965  or  1966  U.S.  Standard)  N2  concentrations 
appropriate  to  the  apogee  (or  near  apogee)  altitude.  The  N2+1N  (0,1) 
contribution  to  the  near-apogee  signal  for  the  N2+  IN  (0,1)  Instrument 
was  estimated  to  be  -0.1  V  with  somewhat  smaller  contributions  (Fig.  42) 
for  the  other  measurements.  It  was  assumed  that  the  background  signals 
were  constant  during  the  constant-beam-current  portion  of  the  downleg. 

The  near  constancy  of  the  output  signals  In  the  region  near  apogee  where 
the  background  signal  dominates  and  where  the  vehicle  spends,  relatively 
speaking,  considerable  time  supports  the  assumption  that  the  background 
signal  does  rot  change  significantly  during  the  constant-beam-current 
portion  of  the  downleg.  Also,  the  outpu.  of  the  N2+ IN  (2,4)  Instrument  Is 
seen  (Fig.  60)  to  be  nearly  Independent  of  altitude  for  downleg  altitudes 
between  apogee  and  =130  km.  In  support  of  this  hypothesis. 

The  correction  factors  for  the  changes  In  effective  band  transmission 
factors  and  for  (1,2)— (0,1)  blending,  both  depending  on  the  rotational 
temperature  of  the  gas,  were  computed  from  measured  filter  transmission 
curves  and  computed  relative  rotational  line  Intensities  for  the  rotatlona] 
lines  of  the  pertinent  bands.  The  description  of  the  N2+1N  rotational 
structure  followed  the  treatment  of  Muntz  (1962).  The  computations  pro¬ 
vided  the  effective  filter  transmission  factor  for  the  design  transition 
and  In  the  case  of  the  (1,2)  and  (2,4)  transitions,  also  provided  the 
effective  transmission  factor  for  the  generally  more  Intense  adjacent  band 
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o„  the  long-wavelength  side  ,(0.1)  1.  the  ces,  of  the  <1.«  tend  end  (1.3) 

In  the  case  of  the  (2,4)  band].  aHiusted  bv  the  appropriate 

The  preflight  celibr.tion  results  were  sdf  ’ M  *  ‘,r>t”na,1y  cool 

correction  factors  (294°K  target)  and  were  used  as  ^ 

normalizing  ^deCass^Ing  LTE  conditions  with  a 

ZZZ.VZ  altitude  determined 

insignificantly  ft*.  the  vibr.tionally-cool  case.  ence.  the  iterative 
procedure  did  not  appreciably  affect  the  final  resu  . 

P  ,t  is  seen  from  Fig.  62  that  the  corrected  sii™  '  'm  »  “ 
flight  data  do  not  depart  significantly  from  the  preflight  calibration 
r  Below  150  Km.  the  double  rati.  a>  is.  for  the  mos  part  > ^ 

±10*  of  unity,  and  when  the  ratios  based  on  both  <^>  ^  ^ 

sidered  the  spread  in  values  in  nearly  s*™”'  c  ^  ^ 

pertaining  to  higher  altitudes  are  somewhat  less  cert 
creasing  instance  of  the  background  signal  and  of  ^'1 
transmission  corrections  and  to  the  decreasing  sign.l-to-n.1se  ratio 

“  *n: » «. » • -r-'A. 

-  rr.;;,  -L. .... 

;  rsrzm -jz z 

calibration  was  carried  out  using  pure  Nz.  Hence,  tne  r. 
was  present,  but  the  Oil  contamination  was  not  Include  .  oug 
of  the  anticipated  correction  yield  values  of  a2  which  are  muc 

“""'upper  limits  for  Ml**/)  vibrational  temperature  were  ‘ttimat^from 

the  upper  bounds  for  a*  and  a2  ^trlily  that  they  exceeded  90* 

at  titudes  ;  100  Km  to  about  1200»K  at  about  175  Km.  The  upper-limit 
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results  from  A*  extend  only  between  80  km  and  about  140  km  owing  to  the 
altitude-limited  Information  available  on  the  (2,4)  channel.  The  upper 
limit  results  based  on  A*  exceed  those  based  on  A*  by  a  roughly  constant 
value  of  200°K  over  the  altitude  range  common  to  the  two  sets  of  data. 
However,  the  A*  results  are  felt  to  be  less  reliable  owing  to  the  afore- 
mentlon  contamination  of  the  (2,4)  measurement  and  to  an  additional 
uncertainty  associated  with  the  nature  of  the  excitation  mechanisms  for 
the  N2+B-state  v'  *  2  level  (Pendleton  and  O'Neil,  1972). 

The  results  for  the  number  density  of  molecular  nitrogen  are  pre¬ 
sented  In  Fig.  64.  The  number  densities  are  based  on  data  from  the 
N2+1N  (0,1)  photometer.  The  photometer  output  was  averaged  over  5-sec 
Intervals  above  168  km  In  order  to  Improve  the  S/N  ratio,  whereas  below 
this  altitude  the  previously  mentioned  1-sec  Interval  was  used.  Estimates 
of  the  background  signal  at  apogee  and  over  the  altitude  range  between 
180  and  200  km  yielded  lower-altitude  N2  density  values  which  were 
essentially  the  same  below  175  km.  The  departure  from  the  CIRA  1965 
model  atmosphere  Is  seen  to  be  significant. 

Only  partial  results  from  the  second  flight  are  presently  available. 
The  N2  vibrational-temperature  Information  appears  to  be  consistent  with 
the  results  from  the  first  flight.  Indicating  vibrational  temperatures 
which  may  not  be  perceptibly  different  than  the  gas-kinetic  temperature. 
The  results  from  the  two  flights  suggest  that  with  the  present  technique 
and  experimental  system  an  upper  limit  for  E-reglon  N2  vibrational  tem¬ 
peratures  Is  probably  all  that  can  be  realized  except  under  "abnormal 
conditions".  Molecular  nitrogen  and  oxygen  number  densities  from  the 
second  flight  appear  to  be  significantly  lower  than  those  of  the  CIRA 
1965  mean  model  atmosphere  over  the  altitude  ranges  of  the  two  measure¬ 
ments  . 
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Figure  Page 

A-l  Schematic  diagram  of  soft  electron  spectrometer  circuitry  .  A-l 

A-2  Schematic  diagram  of  energetic  particle  counter  circuitry  .  A-2 

A-3  Schematic  diagram  of  Langmuir- probe  circuit  .  A-3 

A-4  EBIL  gun  box  Interconnection  diagram  with  beam-current 

regulator  circuitry  .  A-4 

A-5  Grid-control  circuitry  for  electron  gun  .  A-5 

A-6  Test  point  waveforms  on  grid-control  board  .  A-6 

A-7  Schematic  diagram  of  current  monitor  amplifier  .  A-7 

A-8  Current  monitor  Interconnection  diagram  .  A-8 

A-9  Schematic  diagram  of  DC  reset  amplifier  .  A-9 

A- 10  Schematic  diagram  of  auxiliary  power  supply  .  A-10 

A-ll  Schematic  diagram  of  ±15  volt  power  supply  .  A-ll 

A-12  Schematic  diagram  of  photomultiplier  high-voltage  power 

supply . A-12 

A-13  Schematic  diagram  of  voltage  divider  for  distribution  of 

HPT  dynode  voltages  .  A-13 

A-14  Optical  assembly  for  photometers  .  A-14 

A-15  Efficiency  curve  for  soft  electron  spectrometer . A-15 

A-16  Efficiency  curve  for  channel tron  .  A-16 

A-17  Partlcie  counter  calibration:  6.5-keV  channel  .  A-17 

A- 18  Particle  counter  calibration:  17-keV  channel . A- 18 

A-19  Particle  counter  calibration:  42-keV  channel . A-19 

A-20  Particle  counter  calibration:  90-keV  channel . A-20 

A-21  Responslvlty  curve:  X  5577  8  auroral  photometer . A-21 

A-22  Temperature  monitor  calibration  curve:  x  3914  8  auroral 

photometer . A-22 

A-23  Responslvlty  curve:  x  5577  8  auroral  photometer . A-23 

A-24  Temperature  monitor  calibration  curve:  x  5577  & . A-24 
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Figure  A-l.  Schematic  diagram  of  soft  electron 
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Figure  A-3.  Schematic  diagram  of  Langmuir-probe  circuit. 
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Figure  A-4.  EBIL  gun  box  interconnection  diagram  with  beam-current  regulator  circuitry 


Figure  A-5.  Grid-control  circuitry  for  electron  gun. 
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A-7 


133 


gure  A-7.  Schematic  diagram  of  current  monitor  amplifier. 


Figure  A-8.  Current  monitor  Interconnection  diagram 
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A-9 
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Figure  A-9.  Schematic  diagram  of  DC  reset  amplifier 


Figure  A- 10.  Schematic  diagram  of  auxiliary  power  supply. 


Figure  A-ll.  Schematic  diagram  of  ±15  volt  power  supply. 


Figure  A-12.  Schematic  diagram  of  photomultiplier  high-voltage  power  supply 


Figure  A-13.  Schematic  diagram  of  voltage  divider  for  distribution  of  MPT  dynode  voltages. 


Figure  A-14.  Optical  assembly  for  photometers. 


Figure  A-15.  Efficiency  curve  for  soft  electron  spectrometer. 


143 


INPUT  (COUNTS  PER  SECOND) 

Figure  A- 17*  Particle  counter  calibration:  6.5-keV  channel. 


Figure  Par*lc!e  counter  calibration;  ;7*teV  channel 


A- 19 


Figure  A- 19.  Particle  counter  c*l Ibration;  42-keY  channel. 


A-20 


Figure  A-2tL  Particle  counter  caHbr#tlan:  ^Q—fceV  channel. 


A-21 
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Figure  A-21.  Responslvity  curve:  \  5577  A  auroral  photometer. 


Figure  A-22.  Temperature  monitor  calibration  curve:  x  3914  %  auroral  photometer 


Figure  A-23.  Responsivity  curve:  X  5577  $  auroral  photometer. 
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Figure  Page 

B-l  Langmuir  probe  circuit  diagram  .  B-l 

B-2  EBIL  system  layout . B-2 

B-3  Schematic  diagram  of  SYNC  DRIVE  circuitry  .  B-3 

B-4  Schematic  diagram  of  current  monitor  (Faraday  collector) 

circuitry . B-4 

B-5  Schematic  diagram  of  current  amplifier  (toroid)  circuitry  .  .  B-5 

B-6  Schematic  diagram  of  synchronous  amplifier  .  B-6 

B-7  Schematic  diagram  of  electron  gun  grid-drive  circuitry  .  .  .  B-7 

B-8  Schematic  diagram  of  control  circuit  for  In-flight 

calibration  light  .  B-8 

B-9  ±15  V  supply  for  synchros  amplifier . B-9 

B-10  Schematic  diagram  of  low-voltage  supply  (±15  V  and  +5  V)  .  .  B-10 

B-ll  Schematic  diagram  of  electron  gun  high  voltage  and 

preaccelerator  supply  .  B-ll 

B-12  Schematic  diagram  of  bias  supply  for  Faraday  collector 

screen . B-12 

B-13  Calibration  curve  for  electron  gun  high  voltage  monitor.  .  .  B-13 

B-14  Calibration  curve  for  beam  current  monitor  (toroid)  ....  B-14 

B-15  Output  voltage  versus  sensor  resistance  for  the  atomic 

oxygen  detectors . B-15 
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Figure  B-3.  Schematic  diagram  of  SYNC  DRIVE  circuitry 


Figure  B-4.  Schematic  diagram  of  current  monitor  (Faraday  collector)  circuitry. 


Figure  B-5.  Schematic  diagram  of  current  amplifier  (toroid)  circuitry 
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Figure  B-6.  Schematic  diagram  of  synchronous  amplifier. 


Figure  B-8.  Schematic  diagram  of  control  circuit  for  in-flight  calibration  light 
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Figure  B— 11.  Schematic  diagram  of  electron  gun  high  voltage  and  preaccelerator  supply 
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Figure  B-12.  Schematic  diagram  of  bias  supply  for  Faraday  collector  screen. 


SENSOR  RESISTANCE  (OHMS) 


Fiyure  B-15.  Output  voltage  versus  sensor  resistance  for  the  atomic 
oxygen  detectors. 


APPENDIX  C 

FILTER  TRANSMISSION  CURVES  AND 
RELATED  ITEMS  FOR  EBIL  SYSTEM 


Note:  Unless  otherwise  Indicated 
filter  transmission  curves 
refer  to  Illumination  by 
nearly  parallel  light  at 
normal  Incidence. 
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C_1  curves:  N2+  IN  (0,1)  [left]  and 

(1,2)  [right]  Instruments  . 


C‘2  curves:  N2+1N  (0,2)  [left)  end 

(2,4)  [right]  Instruments  . 


C-3  Filter  transmission  curves:  N2+  IN  (0,1)  R-branch 
sample  [left]  and  N2+1N  (3,5)  [right]  Instruments  . 

C-4  Filter  transmission  curve:  02+lN  tv  =  +1  Instrument  . 

C-5  Typical  results  for  dependence  of  filter  center  wave¬ 
length  on  angle  of  tilt  In  nearly  parallel  light  .  . 

C-6  Computed  effective  transmission  factors  for  N2+ IN 
(1,2)  and  (0,1)  bands  by  \n  4229.1  A  filter  at 
various  rotational  temperatures  . 


.  C-3 
.  C-4 


.  C-5 


C-7  Computed  effective  transmission  factors  for  N,+  1N 
(0,1)  band  [by  a  filter  of  axl  *  7  A,  "typical 
transmission  profile,"  and  the  center  wavelengths 
Indicated  by  each  curve]  at  various  rotational 
temperatures  .... 

•  *  •  •  i  i  i 


C-8  Experimental  result  for  effective  transmission  of 
N2  IN  (0,1)  band  by  x0  4280  A  filter  (Tr  :  350°K). 

Ratio  of  Areas  ■  0.20.  Computed  value  assuming 
applicability  of  transmission  curve  of  Fig.  C-l:0.19  .  .  .C-8 

C-9  Typical  fleld-of-vlew  curve  for  photometers  .  C-9 
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C-l 
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Figure  C-l.  Filter  transmission  curves:  N2+  IN  (0,1)  [left]  and  (1,2)  [right]  instruments. 
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TRANSMITTANCE(%) 


C-4 


WAVELENGTH  il) 


Figure  C-4.  Filter  transmission  curve:  02+  IN  lv  =  +1  instrument. 
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Figure  C-7.  Computed  effective  transmission  factors  for 
N2+  IN  (0,1)  band  [by  a  filter  of  axij  =  7  A,  "typical 
transmission  profile,"  and  the  center  wavelengths  indi¬ 
cated  bv  each  curve]  at  various  rotational  temperatures. 
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Figure  C-9.  Typical  field-of-view  curve  for  photometers. 


